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EFFECTS OF PATTERN OF REINFORCEMENT AND VERBAL 
INFORMATION ON ACQUISITION, EXTINCTION, 
AND SPONTANEOUS RECOVERY OF THE 
EYELID CR! 


THOMAS F. HARTMAN 


University of 


This study was an investigation of 
the effects of certain patterns of rein- 
forcement on the acquisition, extinc- 
tion, and spontaneous recovery of the 
eyelid CR. Following the different 
patterns of acquisition, the effects 
of informing S that the UCS would 
not delivered 
and spontaneous recovery were deter- 
mined. One general purpose of the 
study was to obtain information as to 


be during extinction 


the degree that verbal information 
(and presumably self-instruction) may 
affect extinction and spontaneous 
recovery in the eyelid CR. Four 
patterns of reinforcement were in- 
vestigated : 100% reinforcement, 50% 
random double-alter- 
and double- 
alternation reinforcement with a trial 
counter and complete knowledge of 
the sequence of reinforced trials. 


Grant, Riopelle, and Hake (1950) 


reinforcement, 


nation reinforcement, 


1 This research was supported in part by a 
grant from the National Science Foundation 
and in part by the Research Committee of 
the Graduate School of the University of 
Wisconsin with funds provided by the 
Wisconsin Alumni Research Foundation. 


AND DAVID A. 


GRANT 


Wisconsin 


found marked inhibition of responding 
to double alternation of reinforcement 
when compared with 50° random 
reinforcement. Since instructions re- 
garding the nature of the task have 
been found to affect the rate of condi- 
tioning with the conditioned eyelid 
response (e.g., McAllister & Mc- 
Allister, 1958; Miller, 1940), the 
conditioned salivary response (Raz- 
ran, 1935), and the conditioned GSR 
(Cook & Harris, 1937), it seems logical 
to assume that information concerning 
the patterning of reinforcement would 
be of importance. To test this hy- 
pothesis a patterned group that would 
have complete information about the 
reinforcement sequence (double alter- 
nation given reinforcement ‘‘rule’’ and 
trial counter) was compared with a 
patterned reinforcement group, double 
alternation, that received no such aid 
in recognizing the pattern of rein- 
forcement. 

Norris and Grant (1948) found that 
instructing Ss to try to inhibit their 
eyelid CRs produced slower acquisi- 
tion and more rapid extinction. In- 
structions been found to 


have also 
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affect the extinction of other CRs such 
as the conditioned GSR (Cook & 
Harris, 1937) and the conditioned 
finger withdrawal (Lindley & Moyer, 
1961), but the extinction of some 
responses do not show this effect 
(Joyce, 1956). As the methodology 
of the eyelid CR has been more 
thoroughly explored than those of the 
GSR, hand-withdrawal response and 
verbal CRs, study of verbal parame- 
eters of this response would be desir- 
able in any event. One methodo- 
logical complication of the eyelid CR 
offers an unusual opportunity for 
investigation of the effects of instruc- 
tions. Because Ss in eyelid condition- 
ing experiments can be separated into 
voluntary and nonvoluntary respond- 
ers solely on the basis of response form 
(Hartman & Ross, 1961; Spence & 
Ross, 1959), possible differential ef- 
fects of patterns of reinforcement and 
of verbal information on these two 
classes of Ss should prove most 
interesting. 


METHOD 


A pparatus.—The apparatus essen- 
tially that described by Hartman and Grant 
1960). The CS consisted of an 0.8-mL. 
increase in brightness of a 10-cm. circular 
mild glass disk. Ambient room illumination 
was approximately 1.0 mL. 
700 the UCS, a puff, 
occurred 540 msec. following the onset of the 
CS and 200 Che 
intensity of the air puff was regulated by a 
150-mm. column of mercury. 

Procedure.—A 4 X 2 X 2 factorial design 
was used. The four acquisition conditions 
were 100° reinforcement (100% 50% 
random reinforcement (R), double-alterna- 
tion reinforcement (DA), and double alter- 
nation with a counter under the CS window 
to count the trials (DAC). Before extinction 
and before spontaneous recovery half of the 
Ss were told that they would not receive the 
air puff for the remainder of that session 
Acquisition, extinction, and 
recovery conditions were orthogonal to each 
other 

All Ss received 60 acquisition trials, 30 
extinction trials, and a 30-trial spontaneous 


was 


CS duration was 


msec. ; corneal air 


was of msec. duration. 


spontaneous 
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recovery test approximately 24 hr. later. 
Che intertrial interval varied between 20 
and 40 sec. with a mean of 30 sec. The trials 
were programed by means of a Western Union 
tape transmitter. The “random” condition 
was completely random except the last 
acquisition trial was always reinforced and 
the first and last halves of the acquisition 
series contained an equal number of rein- 
forcements. Five random were 
used. 

Before beginning the initial experimental 
session Ss were given the ‘‘neutral’’ instruc- 
used at the University of Wisconsin 
laboratory. Those Ss in Group DAC were 
also told what the reinforcement pattern in 
the session would be, and were quizzed until 
they could tell whether any given trial would 
include an air puff he counter was not 
operative for the other groups but was in the 
field of vision. In addition all Ss were told 
that they would be interrupted three times 
during the experimental session; those groups 
given no information about extinction were 
interrupted twice “‘to see if they were com- 
fortable” and once to tell them when the 
was half over. The groups given 
information about extinction were told that 
the third time they were interrupted, it would 
be to inform them that for the remainder of 
that session, they would get no more air puffs. 
If questioned about this statement E said 
that the meaning would become evident as 
the session progressed. Interruptions follow- 
ng Trials 5, 45, and 60 were made to minimize 
the probability of distraction due to the 
final interruption. On the day Ss returned 
for the spontaneous recovery test, appropriate 
groups were told either that everything would 
be the same as on the previous day, or that 
during that there would be no air 
puffs. 

Subjects.—The Ss were 112 women and 48 
men from the elementary psvchology courses. 
Assignment of Ss to conditions was random 
within a replication of the 16 experimental 
conditions until it became necessary to modify 


sequences 


tions 


session 


session 


assignment to equalize the number of each 
sex per group. Five Ss were discarded: 1 
failed to appear for the spontaneous recovery 
test, 3 adapted to the UCS, and 1 gave a 
record impossible to score due to an extremely 
high random blink rate. 


RESULTS 


All eyelid closures with latencies 


from 200 to 550 msec. were con- 
sidered anticipatory responses. In 
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some analyses, specified below, Ss 
giving voluntary form responses were 
removed from the data, using the 
criterion suggested by Hartman and 
Ross (1961); i.e., Ss with time deriva- 
tives of eyelid responses to light greater 
than 35% of the mean derivative of 
the reflex to the UCS for more than 
half of their responses were classified 
as voluntary Ss. 

Acquisition—Figure 1 shows the 
mean percentage of anticipatory re- 
sponses plotted as a function of blocks 
of five trials for acquisition. In the 
very first block of trials, the groups 
no longer appear the same; Group 
DAC responds at a lower level than 
the other groups. Group 100% ap- 
proaches its asymptote faster than the 
other groups, and the level of response 
in Group DAC remains very low. 
[he curves of Group R and Group 
DA virtually overlap during all of 
acquisition. 

The derivative criterion classified 
51 Ss as voluntary: 16 in Group 
100%, 14 in Group R, 13 in Group 
DA, and 8 in Group DAC. A chi 
square test failed to disclose a sig- 
nificant effect of acquisition series on 
number of voluntary responders. 
When these voluntary Ss were elimi- 
nated the same acquisition trends 
were evident, the only difference 
being that the overall level of re- 
sponding was less in all groups. An 
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SUCCESSIVE 5-TRIAL BLOCKS 


Fic. 1. Acquisition curves under four 
patterns of reinforcement. (Percentages of 
CRs are plotted against successive five-trial 
blocks for 100% reinforcement—100%, 50% 
random reinforcement—R, double alternation 
of reinforcement—DA, and double alterna- 
tion with information and trial 


DAC 


counter 


analysis of variance of the total fre- 
quency of responses during the last 
half of the acquisition session gave 
highly significant Fs among reinforce- 
ment groups of 19.18 for the data 
of all Ss and 13.52 when voluntary Ss 
were eliminated, with error estimates 
based on 156 and 105 df, respectively. 

Another group of analyses were 
performed on the terminal acquisition 
trials. Over the last 28 trials the 
reinforced and nonreinforced trials 
in Groups DA and DAC were analyzed. 
The percentage frequency of re- 
sponses on reinforced and nonrein- 
forced trials is presented separately 
for voluntary and nonvoluntary re- 


rABLE 1 


PERCENTAGE FREQUENCY OF RESPONSES GIVEN BY VOLUNTARY AND NONVOLUNTARY 
Ss ON REINFORCED AND ON NONREINFORCED TRIALS DURING THI 
Last 28 AcguIsITION TRIALS 


Group DA 


Reinforced 
Trials 


Voluntary 


Nonvoluntary 


Nonreinforced 


Group DAC 


Reinforced 
rials Trials 


Nonreinforced 
Trials 


32% 


gc 
18% 
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TABLE 2 


ANALYSES OF VARIANCE OF FREQUENCY OF RESPONSES IN 200-550 Msec. RANGE ON 
REINFORCED AND NONREINFORCED TRIALS DURING LAST 28 
ACQUISITION TRIALS 


Group Source 


Reinforced-Nonreinforced 
Ss 
Error (MS) 


Reinforced-Nonreinforced 
Ss 
Error (MS) 


100 
oe C's-Told 
e-© Cs-Not told 
o—o V's-Told 
o--o V's-Not told 


3 





— 
oO 


PERCENT RESPONSE 
~>e®.xe@ 
oo 0°90 8 


a 
°o 











SUCCESSIVE 5-TRIAL BLOCKS 


Fic. 2. Extinction of eyelid 
following four patterns ol 
during acquisition. 

are plotted against 
extinction blocks. Each reinforcement group 
is subdivided into Ss giving CRs—Cs—and 
Ss giving voluntary responses—Vs—on the 
basis of the form of the response. 


responses 
reinforcement 
CRs 
five-trial 


(Percentages of 
suct essive 


These are 
further subdivided on the basis of whether 
they Told—when extinction 
procedures started or whether they were not 
so informed—Not Told.) 


were informed 


Voluntary Ss Nonvoluntary Ss 


) 
)** 
)) 


2.3 
4.1( 
(3.5! 


sponders in Groups DA 
in Table 1. 


systematic 


and DAC 
There appear to be no 
differences between re- 
reinforced and nonrein- 
forced trials in Group DA. In Group 
DAC, however, there is less respond- 
ing on nonreinforced trials, and this is 
especially evident among the volun- 
tary responders. 


sponses to 


The summaries of 
the analyses of variance are given in 
Table 2 where it is seen that the only 
significant difference between rein- 
forced and nonreinforced trials was 
found among the voluntary respond- 
ers of Group DAC. A notable ab- 
sence of individual differences 
occurred in this subgroup; every one 
of the 8 voluntary responders gave 
an equal or 
responses on 
they 


also 


greater frequency of 
reinforced trials than 
nonreinforced _ trials. 
For these Ss the information about 
the reinforcement sequence and the 
aid of the counter definitely affected 
responsiveness. 


did on 


Extinction.—Figure 2 presents the 


extinction curves for the nonvolun- 


tary and 


The 
sponses in 


interval ; 


voluntary Ss_ separately. 


ordinate is of re- 
the 


the 


percentage 
200- to 


abcissa is 


550-msec. 


successive 
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five-trial blocks. Two major effects 
are evident in these curves: Ss told 
when extinction begins give fewer 
responses at the beginning of extinc- 
tion than those Ss not given this 
information, and those Ss classified 
as voluntary responders on the basis 
of form give more responses in 
extinction than the nonvoluntary Ss 
regardless of the information given 
them. 

Six separate analyses were made of 
the extinction data. Two analyses 
utilized the data of all Ss. The other 
four analyses considered either non- 
voluntary Ss or voluntary Ss sepa- 
rately. With these last four analyses 
those Ss that did not make five 
anticipatory responses during the 
acquisition series were not included in 
the analysis. It was hoped that this 

the error 
compensate 


procedure would reduce 


variance and _ partially 
for the loss of power due to reduced 
numbers and unequal numbers per 
The 
cedure used to adjust the bias caused 
by the unequal numbers of Ss per 
group was that outlined by Snedecor 
(1946, pp. 284-293). 

Analyses of variance were per- 
formed on the last 30 trials within 
each acquisition reinforcement group 
to determine if of Ss 


group in these analyses. pro- 


those groups 
rABLE 3 


ANALYSES OF VARIANCE OF FREQUENCY OI 
RESPONSES IN 200-550 Msec. RANG! 
FOR ALL S8 DURING EXTINCTION 


Acquisition (A 


Extinction informa 
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TABLE 4 
ANALYSES OF VARIANCE OF THE EFFECT OF 
EXTINCTION PROCEDURE INFORMATION 
ON THE FREQUENCY OF RESPONSES 
In 200-550 MseEc. RANGE FOR 
ALL Ss DURING EXTINC- 

TION IN EACH REIN- 

FORCEMENT GROUP 


First Five 
Source 


100% | Information 


Error (MS 


Information 
Error (MS 


DA Information 
Error (MS 


DAC 


Information 
Error (MS 


which subsequently received differ- 
ential extinction and spontaneous 
recovery treatment were significantly 
different in acquisition. The largest 
F found was 2.09 (df= 3/36, P>.05). 
Separate analyses were performed for 
the data of all Ss, nonvoluntary and 
voluntary Ss. 

The analyses of variance of the 
extinction data of all Ss are presented 
in Table 3. When all trials are 
considered, the extinction informa- 
has no significant effect, but 
the first five trials only are 
considered this information produces 
an effect significant at the .01 level. 

Expectancy theory would predict 
that verbal information about onset 
of extinction would be most effective 
with Group R; therefore, it was 
decided to evaluate the effects of 


tion 
when 


information separately in each acqui- 


group. These analyses are 
presented in Table 4. When the 
data for all trials are considered the 
effects of the extinction information 
are evident only with Group R, but 


sition 





>) 


if only the first five trials are consid- 
ered, both Group R and Group DAC 
show significant effects. In each 
group the effect of extinction informa- 
tion was to reduce responsiveness, 
especially on early extinction trials. 

To determine if the differences be- 
tween nonvoluntary Ss and voluntary 
Ss during extinction apparent in Fig. 
2 were significant, separate analyses 
were performed for each response 
type. These analyses are presented 
in Table 5. If all trials were consid- 
ered, extinction information had no 
significant effect for either group; 
when the first five trials only were 
considered, significantly fewer  re- 
sponses were found in the group told 
when extinction began for both the 
nonvoluntary and voluntary Ss. Ex- 
amination of each acquisition group 
separately produced only two signifi- 
cant Fs, both with the voluntary Ss 
in Group R. With the data on all 
trials, the F was 5.86, and with only 
the first five trials, the F was 5.98, 
both significant at the .05 level (error 
estimate based on 12 df). No signifi- 
cant F due to extinction information 


rABLE 5 


ANALYSES OF VARIANCE OF FREQUENCY Of 
RESPONSES IN 200-550 MseEc. RANG! 
DURING EXTINCTION FOR SS 
MEETING ACQUISITION 
CRITERION 


Type of S Source 


Non Acquisition (A) 
voluntary Information on 
extinction (E) 
AXE 
Error (MS) 
Voluntary Acquisition (A) 
Information on 
extinction (E) 
1 XE 1.18 


Error (MS) 61.01) | (2.46) 


*P = 05 
*P = Ol, 
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PERCENT 











2 
SUCCESSIVE 5-TRIAL BLOCKS 


Fic. 3. Percentage frequency of eyelid 
responses plotted for successive 5-trial blocks 
during the spontaneous recovery test con- 
sisting of 30 extinction trials, following four 
patterns of reinforcement and a 30-trial 
extinction 24 hr. earlier. (After each acquisi- 
tion procedure, Ss are further subdivided into 
four groups according to whether they were 
informed—T—or not informed—N—of the 
absence of the UCS on initial extinction and 
on the spontaneous recovery test.) 


was found with Group DAC, but 
the test here with the voluntary Ss 
was very insensitive as the 
estimate was based on only 6 df. 

Spontaneous recovery.—The spon- 
taneous recovery data are plotted as 
Fig. 3; the axes are as in the previous 
figures, but the parameter separates 
groups according to whether they 
received extinction information (T) 
or not (N) on initial extinction and on 
the spontaneous recovery test. 
paring Fig. 3 with Fig. 2 
evidently considerable spontaneous 
recovery, and again the effect of 
information at the beginning of the 
test session is evident. Those Ss who 
were told there will be no air puffs 
at the beginning of the spontaneous 
recovery test session always give fewer 
responses than the corresponding 
group which receives no information. 
This is true regardless of whether Ss 
had or had not been given extinction 
information on the occasion of first 
extinction, 


error 


Com- 
there is 
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Only two analyses were performed 
on the data gathered during spon- 
taneous recovery; analyses of vari- 
ance of all trials and the first five 
trials only for all Ss. Considering 
nonvoluntary and voluntary Ss sepa- 
rately was not feasible due to the small 
numbers which would be in some of 
the groups if the data were further 
divided. Table 6 contains summaries 
of the analyses of the spontaneous 
recovery data for all Ss, first for the 
data for all trials then for the first 
five trials only. As with the extinc- 
tion data information has an effect 
only if the data for the first five trials 
are considered, not for the 
test session. 


entire 


DISCUSSION 


The outstanding result 
on the over-all acquisition curves is the 
lowered DAC. 
In this respect, Group DAC resembles 
Group DA in an 
et al., 1950). 


Acquisition 


responding in Group 
study (Grant 
Group DA of the present 
study gave far more responses than the 
DA group of the 


earlier 


earlier one, and the 


rABLE 6 


\NALYSES OF VARIANCE OF FREQUENCY Of} 
RESPONSES IN 200-550 Msec. RANG! 
FOR ALL SS DURING SPONTANEOUS 
RECOVERY 


Acquisition (A 

Information on 
extinction (E 

Information on spon- 
taneous recovery 
(SR) 

\XE 

A XSR 

E X SR 

1xXExXSR 

Error (MS 


~I 
* 
* 


sity UI w 


* P = Ol. 


only possible clue to the discrepancy lies 
in unsystematically recorded verbal ré 
ports of Ss in the two experiments. 
Whereas Grant, Riopelle, and Hake 
(1950) reported a large share of the Ss 
being able to report the double-alterna- 
tion pattern, very few of the Ss in Group 
DA of this study could verbalize the 
double alternation in the reinforcement 
pattern. As pointed out below, percep- 
tion of the pattern of 
seems to be an important 
reducing responsiveness. 


reinforcement 
factor in 


In Table 1 were reported the percent 


ages of responses in the CR latency 
range of Ss in Groups DA and DAC 
on reinforced and on_ nonreinforced 
trials. Each group was separated into 
the voluntary responders and the non- 
voluntary responders on the basis of the 
objective criterion reported by Hartman 
and Ross (1961). Table 1 that 
neither the voluntary nor the nonvolun 
tary Ss responded differentially to the 
pattern reinforcement in DA. 
Furthermore, the general response rate 


shows 


Group 


was as high as in Group R. In Group 
DAC, there differential 
responding to the reinforced and non- 
reinforced trials, and it followed a very 
interesting pattern. Only in the 
of the voluntary Ss on the reinforced 


however, was 


case 


trials was the response level as high as 
that in Group DA. The nonvoluntary 
Ss, although they showed a slight but 
insignificant tendency to follow the 
reinforced-nonreinforced _ trial 
showed a marked general reduction in 
both the reinforced 
and nonreinforced trials. In fact, they 
were responding at less than 50% of the 
level attained by their fellow nonvolun- 
tary Ss in Group DA. The voluntary 
Ss responded less than 50% as often 
on the nonreinforced trials as they did 
on the reinforced trials, and this result 
was statistically significant as shown in 
Table 2. Evidently, only the voluntary 
Ss were able to make effective use of the 


pattern, 


responsiveness to 


information and cues regarding the 


alternation reinforcement 
But the 


in CRs among the nonvoluntary Ss in 


double pat- 


terns. tremendous reduction 
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Group DAC was itself a very important 
finding. It appears to be a phenomenon 
over and above that of the general 
reduction in responsiveness obtained 
when nonreinforced trials are given as 
in Groups R or DA. Information as to 
whether a trial will or will not be rein- 
forced, instead of assisting S in respond- 
ing appropriately, seems to result in a 
generalized inhibition. That this is 
more than general distraction of S by 
the trial counter, etc., seems indicated 
by the fact that the voluntary Ss are 
able to respond at a high rate on the 
reinforced trials in Group DAC. The 
experiment provides no evidence as to 
whether the generalized inhibition char- 
acterizes the double alternation with a 
reinforcement cue, or whether it is due 
to the reinforcement cue alone or to 
some other factors in the experiment. 
Extinction.—The general 
curves shown in Fig. 2 are 


extinction 
similar to 
those usually obtained when it is borne 
in mind that an acquisition criterion of 
five anticipatory responses during the 
training trials was required for S to be 
included in the analysis. The relatively 
high response level of Group DA during 
extinction compared with Group 
100% and Group R indicates that ran- 
domness of reinforcement alone was not 
a factor in the resistance to extinction, 
although only in the voluntary Ss of 
Group R was resistance to extinction 
found to persist through the entire extinc- 
tion Presumably, Group DA, 
receiving a patterned reinforcement se- 
quence, should be able to discriminate 
the onset of extinction more readily 
than Group R. This evidently was not 
the case, indicating that the DA Ss could 
not use the regularity of the reinforce- 
ment pattern to detect the onset of 
extinction just as they could not use the 
pattern in responding differentially to 
reinforced and nonreinforced trials during 
acquisition. 

The effect information 
was most pronounced in Group R, and 
least pronounced in Group 100%. The 


Table 4 indicate that 


as 


series. 


of extinction 


statistical tests of 


the extinction information was most 
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effective on the first five trials of extinc- 
tion except in Group R where a persisting 
effect of the information could be demon- 
strated through the entire extinction 
process. Extinction information seemed 
to be no more effective for the voluntary 
Ss than it was for the nonvoluntary Ss. 
Here is an indication that the voluntary 
Ss were not especially able to utilize 
information given as to extinction and 
to adopt “‘correct strategy’’ in their 
responses during extinction. Instead, 
they tend to continue responding at a 
fairly high level throughout the extinc- 
tion series. They made as much use of 
the extinction information but no more 
use of it than did the nonvoluntary Ss. 
Two somewhat contradictory aspects 
of the responding of the voluntary Ss 
seem to be demonstrated. First, during 
acquisition in Group DAC, the volun- 
tary Ss were able to respond differen- 
tially to the reinforced and nonreinforced 
trials when given appropriate informa- 
tion. Secondly, during extinction, the 
appropriate information as to the extinc- 
tion procedure produced no greater effect 
on the voluntary Ss than it did on the 
nonvoluntary Ss. Instead, the volun- 
tary Ss continued to respond at a high 
level throughout extinction. In _ this 
latter aspect, the responsiveness of 
voluntary Ss seemed to be characterized 
by high D (Spence, 1958). Unfortun- 
ately, because of the extremely rapid 
extinction in Group DAC, it is not pos- 
sible to tell 
responded 


whether the same Ss who 
differentially during rein- 
forcement were able to utilize the extinc- 
tion information. But it seems clear 
that under some circumstances, volun- 
tary Ss can utilize information to alter 
their responses according to a 
strategy ;” 


“correct 
that in other instances, they 
are no more able to do so than other Ss. 


Alternatively, voluntary responders may 
include some Ss who tend to 


‘respond 
appropriately” to stimulus patterns and 
some Ss who merely respond at a high 
level. 

Spontaneous recovery.—As usual (Grant, 
Hunter, & Patel, 1958; 
1960; Howat & 


Hartman & 


Grant, Grant, 1958; 
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Porter, 1938, 1939; Prokasy, 1958), con- 
siderable spontaneous recovery was ob- 
tained on the spontaneous recovery test 
trials. These occurred pri- 
marily on the first extinction block and 
were followed by rapid extinction. The 
information as to whether reinforcement 
would be given during the spontaneous 
test trials was very important on the first 


responses 


five trials of the spontaneous recovery 
test regardless of whether Ss had been 
told or not been told about the extinction 
process in the first extinction procedure 
the day before. Evidently, the recovered 
CRs can still be affected by 
information 


extinction 
extinction 

Further- 
more, whether previous information on 


after an actual 
process has been carried out. 


extinction had been given or not, no per- 


sisting effect of the information on first 
extinction was found during spontaneous 
the curves 
in Fig. 3 and by the absence of significant 
Fs for extinction 
tinction by 


recovery, as was shown by 
information and ex- 
spontaneous recovery in- 
interaction in Table 4. It 
that after a first 
extinction followed by a 24-hr. recovery 
still able to 
differentially to the 


formation 


appears even actual 


period, Ss are respond 
information that 
no reinforced trials will be given during 
test. 
thing survives the first extinction that 
can be affected by 


the spontaneous recovery Some- 
information 
about the extinction procedure. 


verbal 


SUMMARY 


The effects of 100% reinforcement, 
100°,) 50% 


Group 
reinforcement, 
R) double-alternation reinforcement (Group 
DA), and ilternation reinforcement 
with a trial counter (Group DAC) upon the 
acquisition, extinction, and spontaneous 
recovery of the conditioned eyelid response 
were studied. In addition, the effects of 


telling S at the beginning of extinction or 


random (Group 


double- 


spontaneous recovery that the air puff would 
All Ss 
received 60 acquisition trials, 30 extinction 
30-trial 


no longer be presented were observed. 


trials, and a 
test 24 hr The CS was a light and the 
UCS was a corneal air puff 


spontaneous recovery 


later 
rhe principal 


findings were as follows: 
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1. Groups DA and R produce the same 
degree of conditioning in acquisition, but 
Group DAC showed a considerably lower 
level of response than the other two groups 
reinforced 50% of the time. 

2. In Group DA, neither the nonvoluntary 
nor voluntary Ss responded significantly more 
to the reinforced than to the nonreinforced 
trials; however, in Group DAC, the voluntary 
Ss responded significantly more to the rein- 
forced trials. 

3. Knowledge of cessation of the UCS 
produced a significant decrement of response 
during the first five extinction trials with 
both nonvoluntary and voluntary Ss. The 
voluntary Ss did not show immediate extinc- 
tion when told the air puff would be omitted 
Voluntary Ss, therefore, showed two contra- 
dictory aspects in their responding. They 
were able to respond significantly more to 
the reinforced trials in Group DAC, but they 
were not able to utilize knowledge of the 
cessation of the UCS during extinction to 
respond appropriately. Instead, they re- 
sponded at a generally higher rate than the 
nonvoluntary Ss during extinction 

4. Considerable spontaneous recovery was 
found on the block followed 
by rapid extinction Knowledge that the 
UCS would not be given on the spontaneous 
recovery test reduced the number of responses 
on the test regardless of the occurrence of an 


first five-trial 


earlier actual extinction series with or without 
verbal instructions as to the cessation of the 
UCS on the earlier extinction trials 
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The recognition of single randomly 
generated, ‘‘meaningless”’ patterns has 
been studied during the past few 
vears by a number of investigators 
(Attneave, 1957; Crook, Gray, Han- 
son, & Weisz, 1959; Vanderplas & 
Garvin, 1959b). Several experiments 
have further examined 
of human Ss in 


the abilities 
recognizing such 
patterns over certain simple varia- 
tions, such as random noise (Crook 
et al., 1959; Hillix, 1960), contour noise 
(Fitts & Leonard, 1957), and sys- 
tematically continued transformations 
(LaBerge & Lawrence, 1957). But 
no experiments have been reported 
in which Ss were asked to learn sets 


of variants of a pattern through 


experience with individual examples 


of these sets. Yet this is the typical 
procedure for computer ‘‘pattern 
recognition” simulation programs (Sel- 
fridge & Neisser, 1960; Uhr, 1962). 
It also presents a good experimental 
paradigm for the learning of patterns 
by human beings. Given N patterns 
and m variants of each pattern, S 
is presented with each of the nN 
particular pattern instances, asked to 
give it the correct name of the N 
names, and then told the correct 
name. This, in more systematic form, 
is what the child experiences during 
the natural experiments of his day- 


That is, the child 
is given particular instances of such 
things as “‘chair,” ‘‘dog,’”’ the letter 
‘‘A.” or his mother’s face; and he 
learns to build up general concepts, 
or pattern classes. 

This sort of experiment, then, 
should serve as a convenient method 
for studying concept formation and 
perceptual learning of patterns in 
human Ss. It should also give a 
convenient framework within which 
to examine the predictive fit of pat- 
tern recognition simulations by com- 
puter programs, when they purport 
to be embodiments of theoretical 
models of human form perception. 
The use of meaningless patterns for 
stimulus sets reduces the wealth of 
information that the human can bring 
to bear. It also allows for control and 
systematic variation of the parameters 
of the stimulus sets. 

The main experiment examined the 
learning of pattern sets as a function 
of (a) interrelations between patterns, 
(b) practice, and (c) individual dif- 
ferences between Ss (including the 
simulated model as an S). Subsidiary 
experiments examined the effects of 
different (a) durations of stimulus 
presentation, (b) size of pattern set, 
and (c) complexity of pattern. 

In addition, three form perception 


by-day learning. 
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experiments were replicated using the 
computer as S. These were those of 
Attneave (1957) and Vanderplas and 
Garvin (1959b), who examined Ss’ 
abilities to make fine discriminations 
between individual patterns, and Fitts 
and Leonard (1957), who examined 
Ss’ abilities to generalize from indi- 
vidual patterns to variants. 

The computer program is the first 
version of a model for form perception 
and concept formation. The program 
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la. The “easy” set (taken from Crook et 
al., 1959). 
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lb. The “hard” set (taken from LaBerge 
& Lawrence, 1957). 
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Fic. 1. Stimuli used to make up the two 
experimental sets of five variants of each of 
five different patterns. 
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does not appear to take advantage of 
such trivially superior abilities of a 
digital computer as perfect rote mem- 
ory or extreme arithmetic precision. 
Nor does it have built-in imprecision 
to simulate so-called imprecisions in 
human Ss, such as memory decay. 
Finally, it should be noted that this 
is not a trivial test for computer 
programs of this sort, at the present 
stage of their development. In fact, 
relatively few programs are capable 
of even attempting to handle arbi- 
trary new pattern arrays, and it is not 
known whether any would do ap- 
preciably better than the present 
program (Highleyman, 1961; Uhr, 
1962). 


METHOD 


Main Experiment 


Subjects and design—Human Ss_ were 
tested in groups of 6 to 10, approximately 
half men and half women. For the analyses 
of variance, 3 men and 3 women were chosen 
randomly from each group. 
paid volunteer students. 
was tested on two stimulus sets; half were 
given the “unrelated” stimulus set first, the 
other half were given the “interrelated”’ 
stimulus set first. A test on a stimulus set 
consisted of five learning trials through the 
entire set of 25 stimuli, i.e., five variants of 
each of the five patterns. The 
presentation was determined by using a 
random number table, with ordering different 
for each of the five trials. 

Apparatus and stimuli.—Two sets of pat- 
terns were chosen that would be sufficiently 
difficult so that Ss could not learn them 
immediately, but sufficiently learnable so 
that reasonably interesting learning curves 
would be generated. stimulus 
are reproduced in Fig. 1.1. Each set consisted 
of five pattern types, each pattern type with 
five variants. One set chosen from 
Crook's eight-sided patterns (Fig. la). This 
was the “easy,” “unrelated”’ set. The second 
set was chosen from LaBerge and Lawrence's 


1 We would like to thank M 
Tufts University, and D. H 
Stanford University, for their 
supplying us with 
original stimuli. 


The Ss were all 


college Each S 


order of 


These sets 


was 


N. Crook, of 
Lawrence, of 
kindness in 


usable copies of their 
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(1957) systematically varied 
which the 
actually 


patterns, in 
different pattern types are 
related to one another (Fig. 1b). 
rhis was the interrelated or hard set. The 
“distance” as objective 
manner among members of the same pattern 
type (and more or less confirmed by the 
subjective judgments collected by LaBerge 
and Lawrence) is in certain cases greater than 
the distance different 
pattern types. 


five 


measured in an 


between members of 

Stimuli were projected, one at a time, by 
means of a reflector projector, onto a screen 
approximately 5to8 ft. in front of Ss. 
Stimulus size was approximately 3 in. square, 
which subtended roughly a .5° to 1° arc at 
the retina. These distances were chosen to 
to give optimal viewing conditions and still 
be comparable to the computer's resolving 
power. Pretesting was used to determine the 
most favorable lighting and viewing condi- 
tions, that would 
learning for human Ss. 
presented for 5 sec. 


ones result in maximal 
Each stimulus was 
ren to 15 sec. after its 
removal, Ss were told what the correct name 
or type was. The following stimulus appeared 
3 to 7 sec. after that 

Several subsidiary experiments were run 
is checks on some of these control conditions. 
a) One subsidiary control group was given 
the same stimulus set under the s 


tions, except for a 2-sec. 
} 


ime condi- 
presentation period. 
») An additional group of Ss was given a set 
of seven patterns, including the five that had 
been used for the ‘ set, in order to see 
to what extent short-term memory for too 
large a number of different pattern sets might 
be serving as a limiting factor for learning 
(c) The effects of different complexities of 
stimuli were examined with a third group of 
Ss, who were given four-sided patterns. 
(Complexity was defined by the number of 
sides to the randomly 


‘easy”’ 


generated stimulus.) 
In each of these subsidiary experiments, all 
other conditions were held constant Results 
are presented as comparisons between the 
two pertinent groups involved 

Finally, a computer program designed to 
recognize patterns across their variants in a 
manner suggested by psychological and 
physiological data (Uhr & Vossler, 1961, 
1962) was also tested on these same input 
patterns. Inputs were presented to the 
computer in the same order that they had 
been presented to Ss. The resolution of the 
inputs was also the same. Although there 
was no possibility of making a meaningful 
equation between and 


computer program 


Ss for such matters as duration of presentation 
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of stimuli, illumination, and other viewing 
conditions, an effort was made to give Ss the 
best possible viewing conditions. 

Briefly, the pattern recognition program 
works as follows: Unknown patterns are 
presented to the computer in discrete form, 
as a 20 X 20 matrix of zeros and ones. The 
program randomly generates measuring opera- 
tors that simulate local neuron nets, by one of 
several random methods, and uses this set of 
operators to transform the unknown input 
matrix into a list of four 3-bit characteristics. 
These characteristics are then compared with 
lists of characteristics in memory, one for each 
type of pattern previously processed. As 
a result of similarity tests, the name of the list 
most similar to the list of characteristics just 
computed is chosen as the name of the input 
pattern. The characteristics are then ex- 
amined by the program and depending on 
whether they individually contributed to 
success or failure in identifying the input, 
amplifiers for each of these characteristics 
are then turned up or down. This adjust- 
ment of amplifiers leads eventually to dis- 
carding operators which produce poor char- 
acteristics, as indicated by low amplifier 
settings, and to their replacement by newly 
generated operators, 


Re plications 


All replication experiments used only the 
computer as S. Here again an attempt was 
made to equate computer and human condi- 
tions wherever possible. Attneave (1957) 
asked Ss to discriminate among members of a 
set of eight randomly produced variants of a 
prototype. The computer was tested on one 
of the several which 
essentially equivalent.2 Vanderplas 
Garvin (1959b) Ss to learn a set of 
eight low-association-value patterns in a 
paired-associate procedure, in which the 
other member of the association was a non- 
sense syllable. Fitts and Leonard (1957) 
had Ss learn 12 different prototype patterns 
during three 6 to 10 min. self-study periods.’ 
The 70% who passed the criterion of three 
out of four correct test trials were then tested 


found 
and 


sets Attneave 


asked 


? The authors are grateful to F. Attneave 
for supplying us with his original stimuli. 

3 Fitts and Leonard (1957, p. 30) have 
presented results of their experiment in this 
mode, and P. Fitts has kindly supplied the 
authors with the original stimuli, along with 
details (Leonard & Fitts, unpublished manu- 
script) of their experiment. 
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Lowrence) 
---— Easy Set-People (Crook) 
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Fic. 2. Mean percentage errors for human 
Ss (from 6 to 10 Ss per point) compared with 
percentage errors for computer simulation 
program, on the easy and on the hard sets 
of stimuli (first presentation). 
on generalization to variants of the 
prototypes. 


new 


RESULTS 
Main Experiment 


Figure 2 presents mean errors on 
successive trials (‘‘passes’’) for Ss and 


for the computer simulation program. 
Table 1 presents results from the 
analysis of variance on these data. 
The two pattern sets, and their two 
presentations, have been analyzed as 
a single dimension of four ‘‘condi- 
tions,” because of limitations in 
available computer programs. The 
program’s performance can probably 
most meaningfully be compared with 
the human performance in learning 
the first of the two sets learned, since 
the program does not accumulate 
broad general abilities and facility 
for new problems through experience 
in any way comparable to the human 
being. Therefore, it did not appear 
worthwhile to run a “second set” 
experiment using the program as S. 
Instead, Set 1 results were used as 
best estimates of what performance 
would have been on Set 2. (This 
would appear to be a conservative 
estimate, since it is saying in effect 
that no learning will occur, although, 
in fact, the program is capable of self- 
modification, and actually ‘“‘learns’’ 
torecognize patterns originally through 
a process of this sort.) Differ- 
ences between ‘“‘conditions,”’ between 
“passes,” and between Ss were all 
significant beyond the .001 level. 


TABLE 1 


ANALYSIS OF VARIANCE OF ERRORS AS A FUNCTION OF PATTERN SETS, 
TRIALS, AND Ss 


Simulation Program as Contrasted with 
Mean Human Performance 


Source 


MS 


Between Ss 
Trials (T) 


1265.63 
1163.21 
1562.63 
36.31 
207.42 
36.81 
77.11 


16.40** 
se"" 


Simulation Program as One of 7 Ss, 
along with Individual Human Ss 


F r MS 


91.75 
207.62 
539.05 

5.69 
12.49 
17.54 

5.94 


Note.—The computer simulation program is included as an S. 
= .05. 


** P = OOS. 
o** P = 001. 
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Fic. 3. Computer simulation program 
performance compared with best individual 
human performances on the 
stimuli. 


easy set ol 


In particular, the difference between 
the simulation program and the mean 
human performance was significant 
beyond the .005 level, the simulation's 
performance being consistently better. 

Figure 3 presents results, for the 
unrelated pattern set, for the best of 
the individual Ss, and for the com- 
puter program. On this set of pat- 
terns, some of the human Ss when 
they had already had the experience 
provided by the other set of patterns, 
outperformed the simulation program. 
Figure 4 presents results, for the inter- 
related pattern set, for the best of the 
individual Ss, and for the program. 
On this more difficult set of patterns, 
the best human performances do not 
exceed the performance of the pro- 
gram. Nor, in fact, does the best 
human performance appear to im- 
prove very markedly as a result of the 
additional experience afforded Ss doing 
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this task as their second task. That 
is, most of the improvement in the 
overall group performance appears 
to result from the improvement of 
the poorer members of the group. 

Figures 5, 6, and 7 present results, 
for human Ss alone, for (a) different 
durations of presentation of stimuli 
for 2-sec. 5-sec. durations; (0) 
different size of pattern sets—for 
five and for seven patterns; and (c) 
different pattern complexities 
four-sided and eight-sided patterns. 
There were no significant effects 
attributable to either number of pat- 
tern sets or duration of stimulus 
presentation (as varied in this experi- 
ment). Complexity of patterns did, 
however, tend to affect recognition, 
as indicated by the interaction effect 
(significant at the .05 level) between 
complexity and Ss. 

Table 2 
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presents results of the 
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Fic. 4. Computer simulation program 
performance compared with best individual 
human performances on the hard set of 
stimuli. 
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Fic. 5. Effects of duration of stimulus 
presentation. (Dotted line presents results 

-10 Ss—in learning when patterns were 
presented for a 2-sec. period. Solid line 
presents results—9 Ss—when patterns were 
presented for a 5-sec. period, all other condi- 
tions comparable.) 


replications. For a more accurate 


comparison of Vanderplas and Gar- 
vin’s (1959a, 1959b) results with 
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Fic. 6. Effects of size of pattern set. 
(Dotted line presents results—mean 
for 10 Ss—in learning seven sets of patterns. 
Solid line presents results—9 Ss—for five sets 
of patterns, all other conditions comparable.) 
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TABLE 2 


PATTERN RECOGNITION ABILITIES OF HUMAN 
SS AND OF COMPUTER SIMULATION OF 
A MODEL FOR HUMAN FORM 
PERCEPTION 


Mean Per- 

formance | 

for Human 
Ss 


Perform- 
ance of 
Simulated 
Model 


Experiment 


Attneave (1957) 
(cumulative errors to 
learning) 
Vanderplas & Garvin (1959b) 
(2nd trial correct) 
Fitts & Leonard (1957) 
(ist exposure percentage 
correct) 


29.75 3.00 


3% 100% 


100% 





ours, the error due to Ss’ learning non- 
sense syllables would have to be 
excluded since the computer program 
dealt only with the visual patterns. 
But, since the program made no 
errors at all on its second pass through 
the set, we have not bothered to make 
such an adjustment. On the Fitts 
and Leonard (1957) set, the program 
learned the prototypes to a 75% level 
after its first experience, and to a 


100°% level after its second. It gen- 
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Fic. 7. Effects of number of sides to 
pattern. (Dotted line presents results 
8 Ss—in learning four-sided patterns. Solid 
line presents results—6 Ss—for eight-sided 
patterns, all other conditions comparable.) 
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eralized with 76% accuracy after the 
first experience, and with 100% accu- 
racy after the second, as contrasted 
with human Ss, who generalized with 
62% accuracy after 1 hr. of learning. 


DISCUSSION 


These results suggest that the simula- 
tion program may well be performing at a 
higher level as a ‘“‘pattern recognizer”’ 
than can be achieved by the human S 
when he is divested of some of his ad- 
vantages based upon 
and 


experience 
information. This, of 
very narrow test of the 
program's abilities, nor is it known to 
what population of patterns these results 
might be generalized. the 
program was not designed with these 
pattern sets in mind, or even with this 
general type of pattern set in mind. At 
this stage of experimentation, it would 
seem reasonable to simply continue to 
test programs out on as 
range of stimuli as possible. 


past 
contextual 
course, is a 


However, 


such wide a 

The fact that the program performs 
better than human Ss in this experiment 
The 
with 
only a part of the perceptual problem. 
It would not be at all unlikely, or unin- 
teresting, to find that, as the program's 
generality increases, its abilities at any 
particular task decreases as a direct and 
intrinsic function of its greater powers in 
other directions. 


should not be taken very seriously. 
simulation is capable of coping 


Further experiments of this sort should 
serve at two First, by 
varying such things as the number of 
patterns, the number of variants of each 
pattern, the distance these 
variants, the way the individual stimuli 
sample the pattern’s total population, 
and the distance patterns, a 
rather rich domain of behavior closely 
related to what we have traditionally 
named “perceptual learning’ and ‘“‘con- 
cept formation” should be thrown open 
to assessment. 


least purposes. 


between 


between 


By testing performance 


different from 


originally learned, generalization of classes 
and be studied. Second, 


on new variants, those 


concepts can 
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by comparing the simulation program's 
performance with human performance as 
a function of such variations, a beginning 
can be made in attempting to fit some 
of the details of the curves generated 
by the simulated model to the curves 
generated by human Ss. 


SUMMARY 


Human Ss, and a computer simulation 
program of a model for form perception, were 
examined for their behavior in learning to 
respond with the proper name for a pattern 
type over variant examples of the pattern. 
In the main experiment, five pattern types of 
five variants each were presented to all Ss 
(including the simulation program). Four 
“conditions’’ were examined: (a) unrelated 
patterns, (6) interrelated patterns; each 
presented as the first, and as the second, set. 
Differences between Ss, and between ‘‘passes”’ 
through the set (learning trials 
examined. All of the above variables showed 
differences significant beyond the .001 level 
In particular, the simulation of the model 
performed at a significantly lower error rate 
(beyond the .005 level) than did the group of 
human Ss. 


were also 


The effects, on human Ss, or varying (a) 
duration of stimulus presentation, (5) size 
of the set of patterns, and (c) complexity of 
patterns were examined. Only com- 
plexity of affected performance 
significantly. 


also 
pattern 


In addition, three experiments by other 
investigators who tested human Ss _ were 
replicated, to test the computer model. The 
model outperformed human Ss in all cases. 
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Altnough it has been assumed that 
one or both of two simul- 
taneous performances will show some 
impairment’”’ (Woodworth & Schlos- 
berg, 1955, p. 88), exceptions to this 
generalization appear to be many 
and varied. Klemmer (1956, 1958), 
for example, has noted that such an 
impairment is contingent upon task 
complexity or difficulty. Other in- 
vestigators have pointed out that 
performance efficiency in multiple 
activities is a function of factors such 
as sense channel differences (Mowbray, 
1953), task repetitiveness (Bahrick, 
Noble, & Fitts, 1954), input redun- 
dancy (Broadbent, 1958), and com- 
bined task training (Bahrick et al., 
1954; Briggs & Waters, 1958). Fi- 
nally, industrial research has _ indi- 
cated that a certain amount of alter- 
nation among tasks, particularly 
widely differing tasks, is actually 
beneficial to worker output (Ghiselli 
& Brown, 1948, pp. 420-423). 

The number of variables contribut- 
ing to the divergence of results in 
multiple-task studies is probably quite 
large. None is more basic, however, 
than the failure of investigators to 
distinguish between two very different 
multiple-task situations. One is the 
time-sharing task arrangement in which 
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Laboratory of Aviation Psychology and was 
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tored by the Aerospace Medical 
Permission is granted for reproduction, 
translation, publication, use, and disposal in 
whole or in part by or for the United States 
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was 


moni- 
Division. 


multiple stimuli, each with its asso- 
ciated response, occur at the same 
point in time (Bahrick et al., 1954; 
Briggs & Howell, 1959; Mowbray, 
1953). The other involves only the 
alternation, in some fashion, of stim- 
uli or S-R units defining the tasks 
and hence may be termed task hetero- 
geneity (Baker, Wylie, & Gagné, 
1951; Klemmer, 1956, 1958). It is 
not inconceivable that such dissimilar 
situations would lead to conflicting 
results. Temporal coincidence (i.e., 
time sharing) would virtually assure 
some decrement in one of the tasks, 
whereas alternation (i.e., task hetero- 
geneity) could occur without impair- 
ment to either. 

The present research was concerned 
with the influence of one of these 
variables, task heterogeneity, upon 
simple information-processing  per- 
formance. Heterogeneity was pro- 
vided by two stimulus and two re- 
the former distin- 
guished on the basis of sense modality 
(audition vs. the latter 


sponse classes, 


vision) and 


on the basis of muscle group (verbal 
vs. manual response mode).Combin- 
ing these elements in various ways, 
it was possible to obtain the following 


types of heterogeneity: (a) homo- 
geneity (or zero heterogeneity) in 
which one stimulus class is paired 
with only one response class; (0) 
stimulus heterogeneity in which the 
two stimulus classes are paired with a 
single response class; (c) response 
heterogeneity in which the two re- 
sponse classes are paired with a single 
stimulus class; and (d) task hetero- 
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geneity in which both stimulus classes 
are used, each paired with its own 
response class. The plan for evaluat- 
ing heterogeneity effects involved 
comparisons of the efficacy of specific 
S-R pairs to convey information when 
included in a heterogeneous task with 
their efficacy in this regard when 
included in a homogeneous task. 
Since task heterogeneity may be con- 
sidered a combination of heterogeneous 
stimulus and response elements, a 
further objective was an evaluation 
of the relative contribution of stimulus 
and response heterogeneity to the 
over-all task heterogeneity effect. 

A distinguishing feature of the 
current approach is that the method 
for producing heterogeneity (of stim- 
uli, of responses, or of the task) 
created no change in the amount of 
information presented. In the typical 


time-sharing or heterogeneity investi- 
gation, the amount of stimulus infor- 
mation increases as tasks are added, 
so that performance with respect to 


the individual components may de- 
crease while over-all information trans- 
mitted remains constant or even in- 
creases. In the present design, how- 
ever, any changes in information 
transmitted must be attributed to 
heterogeneity as defined. 


EXPERIMENT | 


The first experiment was to estab- 
lish base performance values for each 
of four tasks: (a) visual stimulus with 
manual response, (b) auditory stim- 
ulus with manual response, (c) visual 
stimulus with verbal response, and 
(d) auditory stimulus with verbal 
response. It should be recognized 
that such base values, obtained under 
homogeneous task conditions, were 
necessary both as a means of evaluat- 
ing S-R compatibility effects within 
specific subtasks and as a basis of 


comparison for the heterogeneous 
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tasks undertaken in the subsequent 
experiments. 


Method 


Apparatus and stimuli—The OSU serial 
discrimeter was employed to present the 
stimuli and to score responses. A description 
of this device has been given elsewhere 
(Alluisi & Muller, 1958). Functionally, the 
apparatus permitted the preprograming of 
six stimulus events in any order desired for a 
sequence of 100 presentations. The S re- 
sponded to each of these stimuli by pressing 
one of six response keys (manual response 
condition) or by pronouncing one of six 
numbers to activate a voice key 
response condition). 


(verbal 
The activation of either 
a manual or a verbal response key initiated 
the presentation of the succeeding stimulus 
in the sequence with the result that S main- 
tained complete control of stimulus pacing. 
In addition, the activation of each manual 
key was recorded on one of 36 counters ar- 
ranged in a 6 X 6 stimulus-response matrix. 
This scoring arrangement enabled E to 
record directly total errors, as well as indi- 
vidual response frequencies for use in com- 
puting entropy values. For verbal response 
trials it was necessary for E to record each 
response manually. 

With the presentation of the first stimulus 
in each trial, a 1/1000-min. timer was acti- 
vated which continued to run until the last 
response in the sequence had been completed. 
Thus, it was possible to record the over-all 
time required for the completion of all 100 
responses in a sequence and from this to 
compute the average time per 
stimulus presentation. 

The six visual and six auditory stimuli used 
in the study are described fully in Table 1. 
The visual stimuli were selected from a list 
of colors demonstrated by Halsey and 
Chapanis (1951) to be easily discriminable. 
The stimuli were projected from the rear onto 
the center of a 10-in. diameter opal glass 
screen by means of a multiple-unit optical 
projector. The viewing distance for S 
was approximately 28 in., with the diameter 
of each color target subtending 31’ of visual 
angle at the eye. 

The six tones used as auditory signals were 
selected on the basis of psychophysical judg- 
ments such that (a) the middle frequency 
bisected the distance in pitch between the 
two apparatus-imposed extremes, (b) the 
high loudness level was well below the dis- 
comfort threshold, (c) the low loudness level 


response 
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TABLE 1 


VISUAL AND AUDITORY STIMULI AND ACCOMPANYING RESPONSES: Exp. I 


Stimuli 


Visual 


Wratten 
Filter 


Frequency 
(cps) 


Color Name 


Light Red 

Dark Blue 

Light Green 

Orange 

Violet 34a 
ND/0.6 


100 
500 
6000 
100 
500 


Gray 6000 


Responses 


Auditory 


Verbal Manual* 
Intensity 
(db.) 

60 

53 

58 

90 

85 

93 


® Designations refer to the digit numbers (e.g., LII] means third digit on the left hand) and their associated 


keys. 


was well above absolute threshold, and (d) 
loudness levels were matched at all frequen- 
All tones were produced by individually 

electronic 


cies. 
preset generators (Eico 
Model 377), the outputs of which were fed 
into a set of Telephonics headphones worn 
by S. 

Subjects.—A total of 36 students 
served in this experiment, each of whom was 


signal 


male 


assigned at random to one of four groups 
Each group, therefore, 
of whom were trained to perform under one 
of the four homogeneous S-R_ conditions: 
visual-verbal (V-V), (V-M), 
auditory-verbal (A-V), and auditory-manual 
(A-M). 

Procedure.—In this, as well as in the 
succeeding experiments, all Ss received the 
benefit of 6 practice trials (600 S-R pairings) 
prior to the performance on 3 experimental 
trials (300 S-R pairings). The amount of 
training provided was sufficient to bring all 
Ss to a comparable level of performance. 
That this level was probably short of asymp- 
totic is suggested by findings which demon- 
strate that improvement on such tasks con- 
tinues for at least 50 100-stimulus trials 
(Alluisi & Martin, 1957). In both the train- 
ing and experimental trials S was instructed 
to respond as rapidly and accurately as 
possible. Each training trial was followed 
by a demonstration of the S-R pairings to 
prevent S from establishing incorrect asso- 
ciations. The training trials were adminis- 
tered in blocks of three with the same random 
sequence repeated throughout 
block. Experimental trials, on the other 
hand, were administered with each 
sequence drawn at random from a population 


contained 9 Ss, a 


visual-manual 


being each 


singly 


of 27 such sequences. Rest periods of 3-min. 
duration were interposed between experi- 
mental trials and between training blocks; 
periods of 1 min. were inserted between 
training trials within blocks. All training 
and experimental trials were completed in a 
the duration of which 
approximately 1 hr. 


single session, was 


Results 


Performance under each of the four 
conditions was evaluated using two 
information information 
transmitted (/7,) and_ information 
transmitted per second (J/,/sec). 
Since errors were few and well dis- 
tributed, the former measure consti- 


measures : 


TABLE 2 


MEAN INFORMATION TRANSMITTED (H,) PER 
RESPONSE AND RATE OF INFORMATION 
TRANSMITTED (H,/SEc) SCORES 
OBTAINED UNDER THE FouR 

HoOMOGENEOusS ConpDI- 
TIONS OF Exp. I 
Hi; (Bits)* H:/Se« 
S-R Pairing 


Mean Mean 


50 5 1.68 
49 j 1.94 
44 , 2.06 
47 ; 2.48 


A-V 
V-V 
A-M 
\-M 


Nw NN he 


* Maximum possible H; was 2.58 bits per response 
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tutes a reasonable index of response 
accuracy, whereas the latter re- 
flects both speed and accuracy of 
performance. 

Considering first the H, measure, 
it is apparent from Table 2 that only 
small differences occurred among S-R 
pairings with regard to accuracy. In 
fact, in no case did the differences 
exceed 2.4% of the absolute amount 
of information transmitted. An anal- 
ysis of variance performed on these 
data confirmed the lack of statistical 
significance of the differences. 

Turning to the H;,/sec measure, 
the results clearly indicate the superi- 
ority of the manual over the verbal 
response mode, and of the visual 
over the auditory stimulus mode. 
The statistical significance of the dif- 
ferences between means shown in 
Table 2 was demonstrated using a 
nonparametric technique developed 
by Alluisi (1956) for the purpose of 
testing analysis of variance hypoth- 
eses. Use of a nonparametric analysis 
was prompted by a failure of the 
HT,/sec data to meet the homogeneity 
assumption of the parametric analysis 
of variance. This analysis yielded x? 
of 7.111 (df = 1, P < .01) for Stimu- 
lus Class, 7.111 (df = 1, P < .01) for 
Response Class, .445 (df = 1, ms) for 
S X R, and 14.667 (df = 3) for Total. 


It is interesting to note that despite 
the significance of these major effects, 
the S X R interaction does not ap- 


proach significance. Thus, it may 
be assumed that the S-R compatibility 
of the four tasks is comparable and 
hence can safely be ignored when 
these tasks are combined into various 
heterogeneity conditions as in the 
succeeding experiments. It must be 
added that the common level of S-R 
compatibility is not particularly high, 
for the transmission 
exceeded 2.5 bits/sec. 


rates never 
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EXPERIMENT II 


Experiment II was concerned with 
the evaluation of task heterogeneity 
as it affects information-processing 
performance. Heterogeneity was in- 
troduced into the task scheme by 
the simple means of combining, as 
subtasks, equal portions of the homo- 
geneous tasks described in Exp. I. 
Thus, two distinct heterogeneous tasks 
were available: visual-verbal, audi- 
tory-manual (VV-AM); and visual- 
manual, auditory-verbal (VM-AV). 

The purpose of this experiment was 
to evaluate heterogeneity effects 
through comparison of performance 
on the heterogeneous tasks with 
performance on the component homo- 
geneous tasks. The latter values, of 
course, were available from the results 
of Exp. |. Thus, it was intended that 
the average scores for each pair of 
subtasks obtained under homogeneous 
task conditions serve as the basis of 
comparison for the same _ subtasks 
performed under heterogeneous task 
conditions. Any differences obtained 
between these scores would then be 
attributable solely to heterogeneity 
effects. 


Method 


The apparatus and procedures used were 
the same as those described in Exp. I. Only 
two groups of Ss were required for this experi- 
ment, one for each of the two task hetero- 
geneity conditions (VV-AM and VM-AV) 
As in Exp. I, 9 male students were assigned 
at random to each group. 

The specific S-R pairings used in the task 
heterogeneity conditions are summarized in 
Table 3. It may be noted that for both 
Conditions VV-AM and VM-AV the pairings 
were identical to those employed in Exp. I; 
that is, three S-R pairs were selected from 
each of the homogeneous tasks and combined 
to form two six-alternative heterogeneous 
tasks. In neither of these heterogeneous 
tasks was there any deviation from the 
stimulus sequencing arrangement used in 
Exp. I. Hence, auditory and visual stimuli 
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TABLE 3 


HETEROGENEOUS STIMULUS-RESPONS! 


Group I (VM-AV) 


Stimuli Responses 


100 cps, 60 db. 
500 cps, 53 db. 
6000 cps, 58 db. 
Orange 
Violet 

Gray 


1 (verbal) 

2 (verbal) 

3 (verbal) 
RI (manual) 
RII (manual) 
RII (manual) 


(calling for verbal and manual responses 
were randomly interspersed within each trial 
sequence. In no case were S-R elements 


permitted to overlap in time 


Results 


in Table 4, the 


be- 


As may be seen 
differences in H,/sec 
tween the two heterogeneity condi- 
tions were small: the average rate of 
transmission values were 2.38 bits/sec 
for Cond. VV-AM and 2.26 bits/sec 
for Cond. VM-AV. The correspond- 
ing average values of //, for the two 
conditions also were not dissimilar: 
2.51 bits for VV-AM and 2.43 bits 
for VM-AV. Tests of these differ- 
ences by the ¢ statistic confirmed their 
failure to achieve significance. 


obtained 


In view of this lack of significance, 
the data from the two task hetero- 
geneity conditions were averaged for 
comparison with mean homogeneous 
performance (obtained by averaging 
the scores in Table 2). The difference 
between mean H,/sec scores for the 
homogeneous and heterogeneous task 
and a 
Mann-Whitney L test applied to this 
difference achieved statistical signifi- 
cance (P < .01). 
accuracy 


conditions was .29 bits/sec, 


Inspection of the 


that both 
heterogeneous and homogeneous con- 


data revealed 


ditions yielded identical mean J/,; 


scores of 2.47 bits. 


Pairs Usep IN Exp. Il 
Group IT (VV-AM) 


Stimuli Res} 


ponses 


Light red 1 (verbal 


Dark blue (verbal 
Light green (verbal 
100 cps, 90 db. RI (manual 
500 cps, 85 db. RII (manual 
6000 cps, 93 db. RII (manual 


EXPERIMENT III 


In view of the significant influence 
of task heterogeneity on rate of in- 
formation 
meaningful to investigate the relative 
importance of stimulus and response 
factors in determining the 
effect. The purpose of Exp. III, 
then, was to manipulate stimulus 
and response heterogeneity independ- 
ently, comparing each to the basic 
conditions of Exp. | as well as to the 
task heterogeneity results of Exp. II. 


transmission, it became 


over-all 


Method 
As in the 


(Exp. II), there were available two distinct 
tasks for testing both the 
response heterogeneity effects 
heterogeneity auditory 
verbal (AV-V) and auditory 
(AV-M) S-R combinations 


heterogeneity conditions they were auditory- 


task heterogeneity conditions 


and 


For stimulus 


stimulus 


these were visual- 


] 


\ isual-manual 


for the response 


rABLE 4 


Mean HF, H,/Sec SCORES OBTAINED 
UNDER THE Two HETEROGENEOUS 
Task CONDITIONS 


AND 


VV-AM 
VM-AV 


Mean 
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TABLE 5 


Mean Hi AND H,/Sec Scores OBTAINED 
UNDER STIMULUS AND RESPONSE 
HETEROGENEITY CONDITIONS 


Hi H/Sec 
Task 
Components 


Mean SD Mean 


Stimulus Heterogeneity 


AV-V 
AV-M 


Mean 


ee 


Mean 


manual verbal (A-MV) and visual-manual 
verbal (V-MV) combinations. 

The apparatus and procedures used were 
identical to those used in Exp. I and II. 
Again, 9 male students served as Ss for each 
condition. In Cond. AV-V and AV-M the 
stimuli used were 100, 500, and 6000 cps tones 
and orange, violet, and gray lights. The 
verbal responses to these stimuli were 1-6, 
respectively, and the manual responses LIII 
to RIII, respectively, as listed in Table 1. 
In Cond. A-MV and V-MV the Responses 
1, 2, 3, RI, RII, and RIII were paired with 
all six auditory or all six visual stimuli as 
listed in Table 1. 


Results 


Mean H, and H,/sec scores for both 
stimulus and response heterogeneity 
conditions are given in Table 5. It is 
obvious that no reliable 7, differences 
occurred among task components, 
and, further, that these scores are 
no different from those obtained in 
Exp. | and II (all values approximate 
2.47 bits). The difference between 
mean [/,/sec scores on the two stim- 
ulus heterogeneity conditions was 
large, the values being 1.90 bits/sec 
and 2.54 bits/sec for AV-V and AV-M, 
respectively. A ¢ test applied to this 


difference indicated that it was sta- 
tistically significant (P < .01). On 
the other hand, the difference between 
the two response heterogeneity means 
was not sufficiently large to approach 
statistical significance (¢ = .53). Asa 
result, the two response heterogeneity 
conditions (V-MV and A-MV) were 
combined in their comparison with 
homogeneous conditions, whereas the 
two stimulus heterogeneity conditions 
(AV-V and AV-M) were considered 
independently. 

The stimulus and response hetero- 
geneity effects were again evaluated 
through comparison with homogeneous 
base conditions: mean scores on the 
heterogeneous tasks were compared 
with mean scores for the component 
subtasks performed under homogene- 
ous conditions (Table 2). Of the 
two heterogeneous stimulus tasks only 
AV-M yielded a score appreciably 
above the homogeneous counterpart : 
the difference was .28 bits/sec, signifi- 
cant (P < .01) in terms of both ¢ 
and U tests. Verbal performance, 
although insignificantly (P > .10) su- 
perior under the heterogeneous stimu- 
lus condition, was poor for both homo- 
geneous and _ heterogeneous tasks 
(1.80 and 1.90 bits/sec, respectively). 
Turning to response heterogeneity, 
the mean of 2.16 bits/sec was only .13 
bits/sec greater than that for the 
homogeneous base condition. Both 
t and U tests confirmed the insignifi- 
cance of this difference (P > .10). 

Comparisons were also made _ be- 
tween average stimulus or response 
heterogeneity performance and that 
obtained for task heterogeneity in 
Exp. Il. Although neither of the 
component heterogeneity conditions 
(i.e., stimulus or response) yielded 
H],/sec values as high as_ those 
obtained under task heterogeneity, 
the differences were not statistically 
reliable. 
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DISCUSSION 


The results clearly indicate that task 
heterogeneity is beneficial to simple 
information-processing performance un- 
der conditions of low S-R compatibility 
and relatively little training. The find- 
ings with regard to the relative contribu- 
tion of stimulus and response hetero- 
geneity to the over-all task heterogeneity 
effect may also be stated simply : stimulus 
heterogeneity appears to increase infor- 
mation transmission significantly over the 
homogeneous control condition, where- 
as response heterogeneity leads to no 
reliable improvement. Whether the 
stimulus component is sufficient to 
account for the complete task hetero- 
geneity effect is not clearly shown by 
the data. Statistically, there is no 
significant difference between the H;/sec 
values for stimulus and task hetero- 
(P > .05), although the mean 
difference is fairly large in favor of task 
heterogeneity (.10 bits/sec). Further, 
the coding scheme employed in one of 
the stimulus heterogeneity conditions 
(AV-M) was such that it provided a 
useful cue for left- vs. right-hand re- 
The relatively high trans- 
mission rates obtained under this condi- 


geneit y 


sponses. 


tion may thus be somewhat spurious. 
It is probable, then, that the hetero- 
geneity of stimuli is one factor contribut- 
ing to the high rate of transmission 
associated with task heterogeneity. More 
conclusive, the indication 
that stimulus heterogeneity is not the 
only contributing factor. 


however, is 


That such findings appear to be in 
distinct disagreement with many of the 
other studies encountered in this area 
may be attributed partially to differ- 
ences in emphasis and design as sug- 
gested above. However, two investiga- 
tions bear a sufficient degree of similarity 
to the present work to warrant further 
comparison. Klemmer (1956) reported 
that when S is forced to alternate 
regularly between visual and auditory 
signals more rapidly than once every 2 
sec., his performance on a key pressing 
task declines sharply. 


In a later study, 
Klemmer (1958) was able to demon- 
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strate the same effect for conditions of 
random alternation between visual and 
auditory channels. 

To what, then, can be attributed the 
marked difference between the present 
results and those reported by Klemmer? 
The most obvious explanation appears 
to lie in the nature of the S-R pairs: 
whereas in the present research each 
response was associated with a single 
stimulus under any given condition, 
Klemmer used only three response 
elements for all six stimuli (three visual 
and three auditory). As a result, each 
response was associated with one visual 
and one auditory stimulus. It appears, 
then, as if a change in signal mode in 
some way combined briefly the tenden- 
cies for error on one channel with the 
comparable tendencies for error on 
the other channel without appreciably 
strengthening the association of either 
set of signals with the correct responses. 
In the present situation, of course, error 
tendencies would have little opportunity 
to combine since each signal was asso- 
ciated with its own response. Such an 
explanation, however, does not appear 
sufficiently strong to account completely 
for the large differences observed between 
the two studies. 

Another explanation, also limited, is 
based upon the fact that Klemmer 
used forced-pacing of stimuli, whereas 
the present investigation permitted self- 
pacing by S. Of the two modes of 
presentation, self-pacing has been shown 
to yield a higher level of performance 
(Alluisi & Muller, 1958), although a full 
description 


of forced- vs. self-pacing 
differences 


has yet to be advanced. 
Considering the difference between the 
Klemmer results and those of the present 
investigations, then, it appears that the 
independence of S-R units and the man- 
ner in which stimuli are paced may 
determine the extent as well as the 
direction of the heterogeneity effect: 
for independent, self-paced S-R_ pairs 
task heterogeneity leads to improved 


performance whereas for nonindependent, 


S-R 


forced-paced pairs it incurs a 


decrement. 
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Assuming that the above explanation 
is sufficient to account for the differences 
reported, the problem of interpreting 
the beneficial heterogeneity effect ob- 
tained in the present research still 
remains. Why, to state the problem 
somewhat differently, should a simple 
task be more difficult to perform than 
a slightly more complex one? 

Reasonable answers may be found 
within the traditional areas of learning 
and motivation. The learning inter- 
pretation relies upon the concept of 
stimulus generalization: since the intro- 
duction of stimulus or task heterogeneity 
divides the stimulus population into two 
distinct classes, the extent of stimulus 
generalization with respect to each 
signal should be reduced. As a result, 
it would be expected that the strength 
of incorrect or generalized associations 
(which associations control error scores 
as well as latency of responding) would 
likewise be reduced. The motivation 
hypothesis is less precisely put since 
it makes use of concepts which are, at 
best, poorly understood. Briefly stated, 
stimulus change of the sort occasioned 


by stimulus or task heterogeneity may 


reduce the monotony of the task. Ata 
physiological level, this may be equiva- 
lent to suggesting that stimulus change 
increases the general activation level of 
the nervous system. In any event, such 
a motivational effect would be most 
apparent in the latency data, which 
expectation is borne out in both Exp. II 
and Exp. III findings. A second point 
in favor of the motivation hypothesis 
is the fact that stimulus generalization, 
upon which the alternative hypothesis 
is based, could hardly be expected to be 
very strong in the present situation, 
under homogeneous conditions. 
Indeed, stimuli were chosen for ease of 
discrimination, and were then differen- 
tiated further by six training trials. 
Certainly, whatever generalization gra- 
dients remained would be extremely 
peaked. It would appear, therefore, 
that the influence of stimulus hetero- 
geneity on performance is predominantly 
a motivational one. 

Two additional results are of interest 


even 
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in that they bear upon the findings of 
earlier investigations. First, the visual 
stimulus mode was superior to the audi- 
tory mode with respect to the rate of 
information transmitted. This is in 
clear agreement with the conclusions 
reached by Klemmer (1956) and Mow- 
bray (1953). Second, the manual re- 
sponse mode led to significantly higher 
transmission rates than did the verbal 
mode, a result in strict disagreement 
with the findings of several investigators 
(Alluisi & Martin, 1957; Alluisi & 
Muller, 1958). One explanation of this 
discrepancy has stated earlier: 
the present coding scheme favored the 
manual mode, at least in the stimulus 
heterogeneity condition, through the 
provision of left- vs. right-hand response 
cues. However, superiority of the man- 
ual mode was not limited to the stimulus 
heterogeneity condition; it occurred un- 
der the homogeneous control tasks of 
Exp. I as well. Any cuing available 
under the latter conditions would also 
characterize the Alluisi research, since 
both were similar in the assignment of 
stimuli to the two hands. The discrep- 
ancy in results must therefore be at- 
tributed to those features upon which the 
studies differed, namely, amount of 
stimulus and response information and 
S-R compatibility. In regard to the 
latter variable, it is unfortunate that 
differences were not obtained between 
the various subtasks with respect to S-R 
compatibility. Had such differences 
appeared, it would have been meaningful 
to evaluate the influence of S-R com- 
patibility upon the obtained hetero- 
geneity effects. 

In conclusion, then, it appears that 
task performance may be enhanced by 
the presence, in certain amounts, of 
stimulus or task heterogeneity. It is 
to be expected that the heterogeneity 
effect is not unlimited: the most effective 
level probably depends upon other task 
variables such as pacing mode, speed 
stress, stimulus entropy, S-R compati- 
bility, level of practice, and the like. 
However, the present series of experi- 
ments serve to emphasize that in select- 
ing task conditions the major concern 


been 
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should be with finding optimum rather 
than minimum heterogeneity levels. 


SUMMARY 


Three experiments were carried out to 
determine the influence of stimulus (S), 
response (R), and S-R or task heterogeneity 
on simple information-processing perform- 
ance. Heterogeneity was provided by two 
dissimilar S classes (auditory vs. visual) and 
two dissimilar R classes (manual vs. verbal). 
The conditions were the types of heterogeneity 
noted above plus a set of homogeneous con- 
trol conditions. Under all conditions there 
were 6 alternative Ss and 6 associated Rs; 
300 serial S-R occurrences comprised each 
task. The major performance index was 
average rate of information transmitted 
(H;,/sec). Eighteen Ss served under each of 
the three heterogeneity conditions and 9 
served under each of the four homogeneous 
control conditions 

The major results were: (a) For the par- 
ticular stimulus and response classes used 
there appeared no evidence for S-R compati- 
bility differences, and compatibility generally 
was low. (5) In support of earlier findings, 
the visual code was superior to the auditory 
code; contrary to earlier findings, the manual 
response mode was superior to the verbal 
response mode. (c) Task heterogeneity led 
to significantly higher rates of information 
transmission than did task homogeneity. 
(d) The task heterogeneity effect may be 
attributed partially to the S component, since 
S heterogeneity also enhanced performance 
significantly over the homogeneous controls, 
whereas R heterogeneity did not. Neither 
S nor R heterogeneity scores differed signifi- 
cantly from task heterogeneity scores. 

From these findings it is concluded that 
simple information-processing performance 
may be enhanced by the presence, in certain 
amounts, of stimulus or task heterogeneity. 
The most effective heterogeneity level for 
any particular task, however, is probably 
determined by a number of 
variables. 


other task 
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SPACE PERCEPTION AMONG UNILATERALLY 


PARALYZED CHILDREN 
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AND ADOLESCENTS ! 


BLANE 
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The sensory-tonic field theory of 
perception (Werner & Wapner, 1949, 
1952) assumes that the degree of 
muscular involvement is an impor- 
tant variable in perceptual experi- 
ence. Utilizing this assumption, pre- 
viously reported studies (Carini, 1955; 
Goldman, 1953; Wapner, Werner, 
& Chandler, 1951; Wapner, Werner 
& Morant, 1951; Werner, Wapner, & 
Chandler, 1951) demonstrate that ex- 
perimentally induced changes in the 
muscular state of S affect the visual 
perception of verticality and the auto- 
kinetic phenomenon. Further, in a 
wedding of sensory-tonic with Werner’s 
developmental theory (Werner, 1948), 
Wapner and Werner (1957) have 


shown a developmental ordering of 
such effects in the perception of verti- 
cality from childhood through adult- 


hood. In keeping with the assump- 
tion of the importance of muscular in- 
volvement as well as with previously 
reported findings, two specific hypoth- 
eses regarding the visual organization 
of space may be formulated: (a) 
Enduring asymmetric muscular im- 
balance in the organism will affect 
perceptual spatial organization, and 
(b) such spatial organization will vary 
with developmental level. 


PROCEDURE 


Four groups of Ss were selected to partici- 
pate in two experiments chosen to test the 
hypotheses advanced above. 

1 This investigation was supported by 
USPHS Grant M-348 from the National 
Institute of Mental Health, United States 
Public Health Service, and was carried out 
when the author was a graduate student at 


Subjects.—Forty male and female post- 
poliomyelitic adolescents and children were 
divided into four equal groups: (a) children, 
9-12 yr. of age (mean = 10.3 yr.), with 
residual paralysis of the right leg; (6) children, 
9-12 yr. of age (mean = 11.1 yr.), with 
residual paralysis of the left leg; (c) adoles- 
cents, 15-19 yr. of age (mean = 16.5 yr.), 
with residual paralysis of the right leg; and 
(d) adolescents, 15-19 yr. of age (mean = 16.5 
yr.), with residual paralysis of the left leg. 
The Ss were selected from a group of 400. 
postpoliomyelitic children and adolescents 
being evaluated for skeletal growth at 
Children’s Hospital, Boston, and care was 
taken to include no case with known psychi- 
atric disturbance, visual defect, 
mental retardation. Each patient was given 
a muscle test rating by a physiotherapist, 
on a scale ranging from 0 (complete paralysis 
of the affected leg) to 120 (no paralysis).? 
Since scores of 100 or more reflect only barely 
discernible paralysis, no patient with a score 
over 100 was included in the final sample. 
Analysis of variance revealed no significant 
differences among the four groups with regard 
to degree of paralysis. 

The age at which S contracted polio- 
myelitis and the period of time elapsed be- 
tween onset and participation in this investi- 
gation may be assumed to be variables of 
consequence, especially from a developmental 
viewpoint, in S’s perceptual functioning. 
However, to control these variables and 
simultaneously control the extent of residual 
paralysis, on the assumption that the latter 
is a more critical variable, was not possible. 
Consequently, child and adolescent Ss differ 
significantly with respect to age at 
(F = 10.11, df = 1, P < .01), the children 
being younger at onset (mean = 3.2 yr.) 
than the adolescents 5 yr.). 


or social or 


onset 


(mean = 5.9 
Similarly, elapsed time since onset is signifi- 
cant (F = 15.35, df = P <.01), the 
children having had paralysis for an average 
Clark University. Actual testing of Ss was 
done at Children’s Hospital, Boston. 

21 am indebted to Margaret Anderson and 
her staff at the Growth Study for their as- 
sistance in the selection and ratings of Ss. 
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of 7.5 yr., the adolescents 10.6 yr. The groups 
show no significant difference, however, with 
respect to number of corrective orthopedic 
operations or corrective orthopedic appliances 
(braces, crutches, canes). 

Experiment I.—Visual perception of ver- 
ticality under conditions of body tilt and 
starting position was tested first. The 
apparatus used, an adjustable luminescent 
rod and a tilting chair, as well as the physical 
conditions of testing, have been described by 
Werner, Wapner, and Chandier (1951). 
Two variables were systematically studied: 
body tilt (B)—30° left (L), erect (E), 30 
right (R); and starting position of the rod 
(S)—30° L, 10° L, 10° R, 30° R. All com- 
binations of these variables were employed, 
making a total of 12 conditions: (a) B, 30 
R-S, 30° L; (6) B, 30° R-S, 10° L; (c) B, 30 
R-S, 10° R; (d) B, 30° R-S, 30° R; (e) B, 
E-S, 30° L; (f) B, E-S, 10° L; (g) B, E-S, 
10° R; (A) B, E-S, 30° R; (7) B, 30° L-S, 30° 
L; (7) B, 30° L-S, 10° L; (&) B, 30° L-S, 10 
R; (1) B, 30° L-S, 30° R. Each S in the four 
groups was tested under each of the 12 condi- 
tions, which were presented in random order. 
Under all conditions of testing, S instructed 
E as to how to move the rod until it appeared 
vertical to S. 

The measure employed was the deviation 
in half degree of tilt from objective, or plumb 
line vertical. An angular position to the right 
of objective vertical (as viewed by S) was 
arbitrarily designated as +, and to the left 
of objective vertical, as —. The data were 
treated by analysis of variance designed to 
evaluate independent groups with repeated 
measurements. 

Experiment II.—The autokinetic phe- 
nomenon was the second means chosen to test 
the above hypotheses. The stimulus object 
was a pinpoint source of light placed 10 ft. 
directly in front of the seated S. Movement 
of S was minimized by seating him in a chair 
with side supports and an adjustable head 
rest. The task for S was to report when the 
light began to move, the direction of move- 
ment, and any change of direction of move- 
ment. The S reported for 35 sec. after he 
first perceived movement. Three electric 
timers, activated by microswitches operated 
by E, recorded S’s reports of movement (a) 
to the left, (b) to the right, or (c) up or down. 
Combined movement reports, such as “right- 
up,”’ were recorded by activation of two 
A fourth timer automatically stopped 
the recording timers at the end of the 35-sec. 
interval. The 
was the 


timers. 


measure used for statistical 


analysis percentage of movement 
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reported to the right or to the left out of total 
movement reported, expressed as follows: 
. ti — bs 
= x 100 
ith+t 

where ¢; = time, in seconds, that right move- 
ment was reported; t2 = time that left move- 
ment was reported; and ¢; = time that up- 
down movement was reported. Thus, a 
positive percentage indicates predominant 
movement reported to the right, a negative 
percentage, movement to the left. The data 
were treated by a double classification analysis 
of variance. 


RESULTS 


Experiment I.—The analysis of 
variance is summarized in Table 1. 
The F test for the interaction between 
age and paralysis independent of 
body tilt and starting 
significant. The mean positions of 


position is 


TABLE 1 


ANALYSIS OF VARIANCE OF EFFECT oF Bopy 
liLt AND STARTING POSITION ON THI 
POSITION OF THE APPARENT 
VERTICAL 


Source of Variance 


Between Ss (S) 
Between ages (A) 
Between paralyses (P) 

x P 


35.00" 
4.00" 
A 109.008 
Pooled Ss K (A X P) 21.58 
Within Ss 
Between body tilt & 
starting position 
Between body tilt 
Between starting 


565.00 26.43** 


1307 .00° 
80.50¢ 


88.73** 
10.45** 


Pooled Ss X 
Combinations 
Pooled Ss XK B 
Pooled Ss XS 
Pooled Ss X (B X S) 


Total a 


Note.—Degrees corrected for sign 
* Tested against Pooled Ss K (A 
» Tested against Pooled Ss X B. 
© Tested against Pooled Ss X S. 
4 Tested against Pooled Ss XK (B 
*P < 05. 

7 P <.01. 
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TABLE 2 


MeAN PosITIONS OF APPARENT VERTICAL 
(IN DEGREES) AS A FUNCTION OF Bopy 
TILT, STARTING POSITIONS, AND SS 


Starting Position 


| 
| 
| 


Body 
Tilt | * rae l re 
} | Children | Adolescents | All Ss 


Degrees 


ao” L. 
10° L 
0° 

10° R 
30° R 


Note.—A plus indicates a position to Ss’ right, a 
minus sign to the left of the objective vertical. 


with 


+0.6 


apparent vertical for children 
right and left paralysis were 
and —0.1, respectively. The com- 
parable means for right and left 
paralyzed adolescents were —0.9 and 
+0.3. Between the children, the 
systematic deviation of apparent ver- 
tical is to the right in right paralytics, 
and to the left in left paralytics; 
between the adolescents, on the other 
hand, apparent vertical is to the left 
in right paralytics and to the right 
in left paralytics. 

The F tests for body tilt, starting 
position, and starting position by age 
are also significant. The mean posi- 
tions for each of these conditions are 
presented in Table 2. With respect 
to body tilt, apparent vertical is lo- 
cated relatively opposite to the side 
of tilt; that is, with body tilt right 
the apparent vertical is located rela- 
tively left, and vice versa. The 
means for starting position show 
that apparent vertical is located 
relatively close to the position at 
which the rod was started. That this 
effect is greater for children than 
adolescents is evident in the means 
for starting position by age. 

Experiment II.—Table 3 presents 
a summary of the analysis of vari- 
ance of the percentages after cor- 
rection for sign. The F test for 


paralysis is significant, such that 
right paralytics, regardless of age, 
report predominant movement to 
the left (mean = —29.0%), where- 
as left paralytics report predominant 
movement relatively to the right 
(mean = +2.6). 


DISCUSSION 


This study demonstrates that visual 
perception of space as reflected in the 
experience of verticality and apparent 
movement varies with enduring asym- 
metric muscular imbalance, such that 
right paralyzed children and adolescents 
locate apparent vertical and perceive 
apparent motion differently from left 
paralyzed children and adolescents. Fur- 
thermore, with respect to verticality, 
a developmental shift between children 
and adolescents is evident. These re- 
sults further confirm the assumption 
of sensory-tonic field theory with regard 
to the importance of muscular involve- 
ment in perceptual experience. The 
present findings are also consistent with 
those of previous experiments which 
show that extraneous stimulation influ- 
ences perception (Carini, 1955; Gold- 
man, 1953; Wapner, Werner, & Chand- 
ler, 1951; Wapner, Werner, & Morant, 
1951; Werner et al., 1951), and indicate 
that unilateral paralysis may be thought 
of as one form of extraneous stimulation. 
The developmental shift between chil- 
dren and adolescents in the experiment 
on apparent verticality is congruent with 
developmental studies of perception in 


TABLE 3 
ANALYSIS OF VARIANCE OF DIRECTION OF 
APPARENT MOTION IN PARALYZED 
CHILDREN AND ADOLESCENTS 


Source of Variance 


Between ages (A) 
Between paralyses (P) 
Lae 


Within Ss MS 
Total 


oP < . 
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normal Ss reported by 
Werner (1957). That no developmental 
shift occurred in the experiment on 
apparent movement may relate to the 
fact that the autokinetic situation, being 
minimally dimensional, does not permit 
the subject-object differentiation as- 
sumed to be necessary for such a shift 
to occur. 


Wapner and 


SUMMARY 


Two experiments were carried out to 
investigate the influence of asymmetric 
muscular imbalance in children and adoles- 
cents on the location of apparent vertical and 
on the laterality of apparent movement. 
Four groups of 10 Ss each were tested. Two 
groups consisted of children, one with right 
leg paralysis, the other with left leg paralysis. 
The remaining two groups were composed 
of adolescents, one with right leg paralysis, 
the other with left leg paralysis 

Experiment I that adolescent 
paralytics locate the apparent vertical 
opposite to the side of paralysis, whereas 
paralytic children locate the apparent vertical 
to the side of paralysis. Experiment II 
showed that paralyzed children and adoles- 
cents report apparent predomi- 
nantly away from the side of paralysis. 
lhese results, viewed within the framework 
of sensory-tonic field support the 
assumption that muscular involvement affects 
perceptual experience. 


showed 


movement 


theory, 
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PERFORMANCE IN INSTRUMENTAL CONDITIONING AS A 
JOINT FUNCTION OF TIME OF DEPRIVATION 
AND SUCROSE CONCENTRATION ! 


JOHN R. STABLER ? 


University of Texas 


As Pubols (1960) has pointed out 
in a recent review of the literature, 
there have been few experiments 
reported dealing with the interaction 
of incentive-magnitude with other 
variables. In particular, more re- 
search is needed in which both drive 
(D) and reward (K) are varied at the 
same time before a reasonably com- 
plete specification of the laws relating 
D and K can be formulated. 

Ramond (1954) compared the per- 
formance of white rats in a simple 
runway as a function of variation in 
time of deprivation (74) and delay 
of reinforcement (7,). Experiments 
by Fredenburg (1956) and _ Besch 
and Reynolds (1958) involved the 
simultaneous manipulation of 74 and 
length of the response chain (Z,), 
i.e., distance that S had to run to 
reach the goal. The data from these 
experiments indicated no interaction 
between D and K; however manipu- 
lating either 7, or L, introduces vari- 
able opportunity for competing re- 
sponses to occur. A fatigue variable 
may also be differentially present 
when L, is varied. The results from 
studies which have manipulated the 
amount of the incentive (We) are 
contradictory (Pubols, 1960). One 
reasonable explanation for the in- 
conclusiveness of the results from 
such studies is suggested by Gutt- 

1 Part of a dissertation submitted to the 
Graduate School of the University of Texas 
in partial fulfillment of the requirements for 
the PhD degree. The author is indebted to 
Alfred Castaneda for advise and assistance 
throughout the course of the investigation. 

2? Now at Louisiana State University. 


man’s (1953) analysis of this particu- 
lar method of varying reward magni- 
tude. He points out that a variation 
in the size or number of the incentive 
object introduces several simultaneous 
sources of variation. A large incen- 
tive object has different visual, ol- 
factory, and tactile stimulus features 
and requires more chewing and swal- 
lowing than a small incentive object. 
The purpose of the present study was 
to determine the nature of the rela- 
tionship between D and K_ when 
different sucrose concentrations are 
used to vary KA, thereby controlling 
for the possibility of differences in 
preconsummatory stimulation, inges- 
tive activity, and presence of com- 
peting responses. 


A second purpose of the present 
experiment was to provide addition: ' 
information on the dual reinforcing 


effect of sucrose solutions. Previous 
experimentation (Wetzel, 1959) has 
indicated that rats inexperienced with 
sucrose respond to it on the basis of 
its palatibility. On the other hand, 
if hungry Ss are fed adequate quanti- 
ties of sucrose solutions over a period 
of days, they will subsequently re- 
spond to the solution not only for 
the sensory stimulation that it pro- 
vides but also for its hunger-reducing 
potential. By employing a within- 
groups instead of a between-groups 
design, the present experiment pro- 
vides evidence as to whether or not 
the second reinforcing property of 
sucrose manifest over a 
period of small-quantity 


becomes 
prolonged 
feedings. 
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METHOD 


Subjects and apparatus.—The Ss were 90 
experimentally naive male rats of the Wistar 
strain purchased from Harlan _ Industries, 
Cumberland, Indiana. All Ss were 85-90 
days old when purchased and 106-111 days 
old at the beginning of pretraining. 

The apparatus was a straight runway con- 
sisting of a 12-in. start box, a 24-in. alley, 
and a 12-in. goal box. The runway was 6 in. 
high and 3 in. wide. It was covered by wire 
mesh. All inside spaces were painted flat 
black. A 100-w. bulb was located 55 in. 
above each end of the alley. The light from 
these bulbs was shaded by a 60 X 12 in. 
sheet of fiberboard. The start box and alley 
were separated by two guillotine doors, one 
of clear plastic and the other of opaque 
fiberboard. 

Running-timeJmeasures were provided by 
interruption of monochromatic red beams 
to photocells which controlled relays and 
standard timers. The raising of the plastic 
door started the first clock. Interruption of 
the first beam, 6 in. into the alley, stopped 
the first clock and started a second. Inter- 
ruption of a second beam, located 30 in. into 
the alley, stopped the second clock and started 
a third, which stopped when a beam located 
11 in. into the goal box was interrupted. 
The final beam was located directly over the 
food cup. 

Experimental design.—In Stage 1 of train- 
ing, two levels of hunger (4 hr. and 20 hr.) 
and three levels of sucrose concentration 
(8%, 16%, and 32%) were employed in a 
2 X 3 factorial design. The Ss were ran- 
domly assigned to the six experimental condi- 
tions designated as: DyKs, DyKyg, DaK yr, 
DooKs, DooK ys, and DooKz2. In each of two 
groups 1 S died, and in a third group, 2 Ss 
died. To equate the number of Ss within 
groups, 1 randomly selected S was discarded 
from each of the three remaining groups, and 
the missing data for 1 S, which died after the 
completion of Stage 1, were prorated from 
the scores of Ss remaining within its group. 
This left 14 Ss in each group, 84 Ss in all. 
The three sucrose concentrations were desig- 
nated according to percentage of concentra- 
tion by weight. Thus, the 8% solution was 
prepared by combining 8 gm. of sucrose 
(commercial table sugar) and 92 cc of distilled 
water. The solutions were kept in closed 
containers and were prepared fresh before 
each day of testing. 

In Stage 2, each group was divided into 
matched experimental and control groups of 7 
Sseach. This division resulted ina 2 * 2 X 3 
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factorial design. Fifteen minutes after each 
testing session the experimental Ss were 
allowed 15 min. access to sugar solution of 
the same percentage as that concentration 
whicht hey had consumed in the goal box 
The control Ss continued under the same 
conditions as in the first stage. All Ss were 
fed 2 hr. after the time of measurement. 

Procedure.—Two weeks prior to the first 
training day, Ss were placed on their respec- 
tive food deprivation schedules. Water was 
continuously available except during the 
experimental sessions. During the 10 days 
prior to the first training day, Ss were adapted 
to handling and to the apparatus rhe 
adaptation procedure closely approximated 
the procedure to be followed during the 
experiment. 

Each S was given three trials a day on each 
of the 20 days of Stage 1 and each of the 20 
days of Stage 2. The following procedures 
were employed on every trial for each S: 
S was placed in the start box, and the opaque 
door was opened as soon as S oriented to it 
The plastic door was removed } sec. later 
As soon as the two drops of incentive sub- 
stance had been consumed, S was removed 
and placed in a waiting cage until the next S 
had run a trial, when it was returned to its 
home cage for the remainder of the intertrial 
interval. Intertrial intervals were approxi- 
mately 20 min. long. The number of times 
that S stopped its forward movement in each 
alley segment and the time taken to traverse 
each segment were recorded after every trial 


RESULTS 


Running speed. 


The final perform- 
ance levels attained under the six 
experimental conditions were of pri- 
mary interest; hence the mean run- 
ning speeds (reciprocal time in ft/sec) 
over Trials 31-60 were computed for 
each S. The group mean running 
speeds in the start box and in the run- 
way for Trials 31-60 are plotted in 
Fig. 1 and 2. Because the results of 
the analyses of variance of the mean 
goal box speeds were comparable to 
those of the start box and runway, 
i.e., all showed a significant interac- 
tion, the data based on that particular 
segment were not further analyzed. 
Since previous research (Besch & 
Reynolds, 1958) has suggested that 
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data based on the first trial of each 
day, rather than on all trials of each 
day, may differ with respect to amount 
of D and K interaction, both types 
of data were analyzed in the present 
study. Start box and runway meas- 


ures and measures based upon either 
the first trial of each day or upon all 


trials of each day were generally 
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Mean start box speeds for Trials 31-60. 


There was, however, some 
evidence of a “warm up” effect from 
the first trial of each day. Runway 
speed measures based on all trials 
of each day were higher than those 
based on only the first trial of each 
day. 

A significant interaction was found 
between the effects of drive 
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Mean runway speeds for Trials 31-60 
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incentive with each of the four sets 
of data (F = 4.58, P < .05; F = 4.94, 
P<.01; F=4.19, P<.05; F=3.15, 
P < .05; respectively, with df = 2/78 
in each case). Trend analyses (Grant, 
1956) indicated that the variance 
associated with interaction had a 
highly significant linear component 
(Fs = 9.16, 9.21, 8.38, and 6.11, 
respectively, with P < .01, df = 1/78 
in all cases). Duncan multiple range 
tests (MRT) were performed in order 
to make orthogonal comparisons be- 
tween the six experimental groups. 
The four tests consistently showed 
that Group DooKy. was significantly 
faster than Group DooKy. This dif- 
ference was the only significant one 
obtained from the mean runway 
speeds based on all trials of each 
day. According to tests of start box 
and runway speeds based on the first 
trial of each day, Group DoyK3. was 
also significantly faster than either 
Group D4Ky. or Group DyKy.. The 
MRT performed on the start box 
speeds based on all trials of each day 
showed a significant difference be- 
tween Group DooK3. and each of the 
others. Although the graphs indi- 
cate an inversion of drive groups 
at Ks, none of the MRTs showed a 
significant difference between Groups 


rABLE 1 


NUMBER OF STOPS FOR TRIALS 31-60, BasED 
oN ALL TRIALS FOR Eacu Day 


Alley Segment 


Start Box Runway Goal Box 


SD SD 


8 
5 


3. 
a 
2 


—tw 


—rmhN 


3.5 
1.6 
1.0 


DEPRIVATION AND SUCROSE CONCENTRATION 


TABLE 2 
MEAN RUNNING SPEEDS FOR TRIALS 91 
BASED ON ALL TRIALS FOR Eacu Day 


Alley Segment 


Group Start Box Runwa 


Exp. Control Exp 


DyKs 94 1.00 
Di Ke .89 86 
DyKy 88 95 


; 1.04 
1.08 92 
1.11 1.18 


DooKs 96 
DK 16 
Dok 


DiKg and DooKsg. It should also be 
noted that in no case were the means 
of Groups D,4Ks and D,K3 signifi- 
cantly different from each other. 

Stop behavior.—The mean numbers 
of stops for each group in the start 
box, the runway, and the goal box 
for Trials 31-60, based on all trials 
of each day, are presented in Table 1. 
A significant interaction was obtained 
from the analysis of variance of the 
number of stops in the start 
(F=5.03: P<.01, df=2/78): 
ever the runway and the goal box 
analyses showed only a significant 
incentive effect (/s = 4.06 and 3.79, 
respectively, with P < .05, df = 2/78 
in each case). The results of the 
MRTs suggested that the loss of the 
interaction and appearance of an 
incentive effect in the runway and 
goal box was a function of the change 
in relative position of Group D,K4» 
The significant difference which was 
found in running speeds between 
Groups DoK3. and DooKs occurred 
also for stop behavior. Also, as with 
the running speed data, no significant 
differences were obtained between 
Groups D4Kx and DooKs, or between 
Groups D4Kg and D4Ky.. The cor- 
relations between the two dependent 
variables for start box, runway, and 


box 
how- 
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goal box, based on all trials of each 
day, were —.72, —.63, and —.42, 
respectively. 

Results of Stage 2.—The mean run- 
ning speeds for each group in the 
start box and the runway for Trials 
91-120, based on all trials of each day, 
are presented in Table 2. Analyses 
of the data showed a reliable D and K 
interaction effect for runway speeds 
(F = 5.66, P < .01, df = 2/72) and 
a reliable D effect for both start box 
and runway speeds (#= 13.09, P<.01; 
F = 5.38, P < .05; respectively, with 
df = 1/72 in each case). It may be 
recalled that.no significant D effect 
was obtained from the analyses of 
Trials 31-60. Multiple range tests 
performed on start box and runway 
data showed no significant differ- 
ences between experimental and con- 
trol groups at any given D and A 
combination of conditions. For ex- 
ample, although the experimental 
and control groups of combination 
DoK32. ran significantly faster than 
several other groups, they did not 
differ significantly from each other. 
The groups representing the various 
D and K combinations held the same 
relative positions at the end of Stage 
2 as they had held at the end of Stage 
1. The start box and runway data 
for Trials 91-120, based on all trials 
of each day, were also covaried upon 
the individual means of Trials 31-60 
in order to control statistically for the 
level of performance that had been 
attained before the beginning of Stage 
2. The D effect was found to be 
highly reliable (F=10.13, /=13.10; 
P < .01, df = 1/71 in each case). 


DISCUSSION 


Relation of D and K variables.—The 
evidence from this experiment is clearly 
more compatible with Hull's position 
that drives and incentives are mul- 
tiplicatively related than with Spence's 


proposal that drives and incentives join 
in an additive fashion. One implication 
of the results is that the method used 
to vary the amount of reinforcement, 
i.e., Ly, Ty, We, etc., is of critical im- 
portance to theoretical predictions re- 
garding incentive effects. 

With the exception of Group D,K3», 
the stop data appeared to be inversely 
related to running speed measures. 
This is consistent with the observations 
of Cotton (1953) and others that run- 
ning speed measures are partly de- 
pendent upon the number of times S 
stops in the alley or performs some other 
nonadjustive response. 

Hypotheses about incentive action. 
Spence (1956) has proposed that one 
determinant of the strength of an incen- 
tive is the generalized habit strength 
(which here will be denoted Hx) between 
alley stimuli and anticipatory consum- 
matory behavior (rz — s,). Several re- 
cent eyelid conditioning experiments 
(Spence, Haggard, & Ross, 1958; Tra- 
pold & Spence, 1960) have indicated 
that the magnitude of H varies as a func- 
tion of the intensity of the unconditioned 
stimulus (UCS). In such respects as the 
abruptness of the change in sensory 
stimulation which it produces, using a 
sucrose solution as the UCS appears 
analogous to an air-puff UCS; thus 
incentive magnitude in the _ present 
study may have been a_function of 
differential strength of Hx. If the 
equation for excitatory potential (/:) 
were to be written E = (H+ Hx) X D, 
it would be possible to derive that D and 
K combine multiplicatively as suggested 
by the present experiment. 


Exigh - (H + Ak yign) x D 
Evow - (H + Hr...) x D 


Subtracting : 
Enighn — Evow = DA Kyi, — Hx, ~) 


Dual reinforcing effect of sucrose solu- 
tions.—The finding of a significant ) 
effect at the end of Stage 2, together with 
the absence of a significant D effect at 
the end of Stage 1, indicates that the 
effect of level of deprivation upon run 
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ning speed is greater if Ss have been 
rewarded with small amounts of sucrose 
solution extended period of 
time. It that Ss learned to 


over an 
suggests 


respond to the incentive in terms of its 
need-reducing potential as well as in 


terms of its palatability. The absence 
of reliable experimental versus control 
main effects and interaction effects indi- 
cates that the D effect was determined 
by experience with sucrose rewards on 
the 60 trials of Stage 2 rather than by 
extra sucrose consumption in the home 
cages. 


SUMMARY 


The experiment was primarily concerned 
with the joint effects of concentration of 
sucrose incentive and hours of food depriva- 
tion a straight 
alley. Three levels of concentration and two 
levels of drive were employed in a factorial 
design with six groups of male rats. Running 
speed and frequency of stops were recorded 
for 120 trials, i.e., 60 trials in Stage 1 and 60 
trials in Stage 2. 


upon locomotor behavior in 


The major finding from Stage 1 was that 
asymptotic running speed measures showed 
a significant interaction between drive and 
incentive variables. Frequency of stops was 
generally inversely related to running speed. 
Start box and runway measures, and meas- 
ures based upon either the first trial of each 
day or upon all trials of each day, were 
generally consistent. The results were dis- 
cussed in terms of Spence’s (1956) incentive 
motivation hypotheses concerning the action 
of incentives in instrumental reward 
ditioning. 

In Stage 2 half the Ss in each experimental 
group were allowed to consume large quanti- 
ties of the same concentration sucrose solution 
as they had been receiving in the goal box. 
rhe solutions were provided after each day's 
testing and 90 min. before feeding. A sig- 
nificant D effect, obtained from analyses 
of the asymptotic running speeds at the end 
of the stage, interpreted as 
evidence that after a prolonged period of 


con- 


second was 
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small-quantity feedings of sucrose solution Ss 
came to respond to the incentive in terms of 
its need-reducing potential as well as in terms 
of its palatability. 


REFERENCES 


Bescu, N. F., & ReyNotps, W. F. Alley 
length and time of food deprivation in 
instrumental reward learning. J. exp. 
Psychol., 1958, 56, 448-452. 

Cotton, J. W. Running time as a function 
of amount of food deprivation. J. exp. 
Psychol., 1953, 46, 188-198. 

FREDENBURG, N. C. Response strength as a 
function of alley length and time of de- 
privation. Proc. Ia. Acad. Sci., 1956, 63, 
563-567. 

GRANT, D. A. 
analysis and comparison of curves 
chol. Bull., 1956, 53, 141-155. 

GuttMan, N. Operant conditioning, extinc- 
tion, and periodic reinforcement in relation 
to concentration of sucrose used as rein- 
forcing agent. J. exp. Psychol., 1953, 46, 
213-224. 

PuBo.ts, B. H. Incentive magnitude, 
learning, and performance in animals. 
Psychol. Bull., 1960, 57, 89-115. 

RAamMoND, C. K. Performance in instrumental 
learning as a joint function of delay of 
reinforcement and time of deprivation 
J. exp. Psychol., 1954, 47, 248-251. 

SpENcE, K. W. Behavior theory and condi- 
tioning. New Haven: Yale Univer. Press, 
1956. 

SPENCE, 


Analysis of variance in the 


Psy- 


Ross, 


associative 


K. W., HaGcGarp, D. F., & 
L. E. UCS intensity and 
(habit) strength of the eyelid CR. J. 
exp. Psychol., 1958, 55, 404-411. 

rRAPOLD, M. A., & Spence, K. W. Perform- 
ance changes in eyelid conditioning as 
related to the motivational and reinforcing 
properties of UCS. J. exp. Psychol., 1960, 
59, 209-214. 

WETZEL, R. J. The effect of experience with a 
taste reward. J. comp. physiol. Psychol., 
1959, 52, 267-272. 


(Received December 9, 1960 





Journal of Experimental Psychology 
1962, Vol. 63, No. 3, 254-257 


CONCEPT IDENTIFICATION OF AUDITORY STIMULI 
AS A FUNCTION OF AMOUNT OF RELEVANT 
AND IRRELEVANT INFORMATION ! 
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A number of experiments (Archer, 
Bourne, & Brown, 1955; Bourne, 
1957; Brown & Archer, 1956) have 
studied the effect of variations in the 
amount of nonredundant irrelevant 
information on concept identification. 
In general, a linear degradation of 
performance is produced by an in- 
crease in irrelevant information. 

Two additional studies (Walker, 
1957; Wargo, 1960) have investigated 
the concurrent effect of variation of 
nonredundant relevant information. 
In both of these studies, task difficulty 
increased as a function of an increase 
in relevant and irrelevant information. 
However, Walker found the increase 
to be nonlinear and also observed a 
significant interaction between the 
two variables. The failure of Wargo 
to find either of these effects was 
assumed to be due to certain metholo- 
logical differences which will be 
considered later. 

Except for a study by Lordahl 
(1959), all of the previous concept 
identification studies have used visual 
stimuli only. In the exception, Lor- 
dahl presented problems which re- 
quired S to use 1 bit of relevant visual 
information and 1 bit of relevant 
auditory information while E simul- 
taneously varied the amount of ir- 


1 This research was supported by a grant 
from the Research Committe from funds pro- 
vided by the Wisconsin Alumni Research 
Foundation. The paper was prepared while 
the second-named author was a_ Senior 
Postdoctoral Fellow (NSF) at the Applied 
Psychology Research Unit, Cambridge, Eng- 
land. 
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relevant information to both sense 
modalities. Whereas the effect of 
such variation was as expected when 
the irrelevant information was visual, 
the auditory irrelevant information 
did not have a significant adverse 
effect on performance. 

The purpose of the present study 
was to determine whether, in general, 
auditory information was comparable 
to visual information in concept 
identification, and in particular to 
determine the effect of simultaneous 
variation of both relevant and irrele- 
vant auditory information. 


PROCEDURE 


Subjects —Ninety women students from 
introductory and intermediate courses in 
psychology at the University of Wisconsin 
served individually for one session each. All 
were volunteers who had not previously 
served in a concept identification study. 

Design.—The major independent variables 
were the amounts of relevant and irrelevant 
auditory information. A 3 X 3 orthogonal 
design with 1, 2, or 3 bits of relevant informa- 
tion and 0, 1, or 2 bits of irrelevant informa- 
tion was used. 

Five different specific combinations of 
relevant information defined the problems 
at each level of relevant information, giving 
15 problems in all. Since the same problems 
were presented at each of the three levels 
of irrelevant information, there were 45 dif- 
ferent combinations of problems and irrele- 
vant information. Two Ss were randomly 
assigned to each of these 45 combinations. 

Apparatus.—The auditory stimuli were 
presented through a pair of earphones worn 
by S who sat before a control console. The 
console had two lever-action switches and 
two lamps. Above one switch a black plus 
sign was painted. This switch was to be 
pressed for all positive instances of the con- 
cept. The other switch was unmarked, and 
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it was to be pressed for all negative instances 
of the concept. When S made a correct 
response, a white lamp came on; when S 
made an incorrect response, a red lamp came 
on. In both cases the feedback signal con- 
tinued until the next auditory pattern was 
presented 4 sec. later. 

The apparatus which generated the audi- 
tory stimuli has been described in a previous 
study by Lordahl (1959). The S saw only 
the control console; the remainder of the 
apparatus was concealed by a _ partition. 
After giving the instructions, E sat behind 
the partition and was not visible to S. An 
Esterline-Angus 20-channel operations re- 
corder was used to obtain a permanent record 
of S’s responses. A counter recorded S's 
errors, and a stopwatch was used to measure 
the time to criterion. 

Instructions and task.—The instructions 
were tape recorded and played to S at the 
beginning of the session. The S was informed 
that she would hear which 
were to be placed in the categories represented 
by the switches before her. She was told 
that those sounds which were to be pl iced 
in the category represented by the switch 
with a plus sign had something in common 
with each other, and all other sounds be- 
longed in the unmarked category The 
significance of the feedback lamps was ex- 
plained and S was instructed to press only 
one switch for each tone pattern. Accuracy 
was stressed over speed. 

The task was self-paced (S could take as 
long as she liked to respond to a tone pat- 
tern), but the next stimulus was automatic- 
ally presented 4 sec. after the response was 
The S served until she had made 
either 32 consecutively correct responses or 
had heard a total of 192 stimuli, whichever 
came first. If S did not reach the perform- 
ance criterion in 96 patterns, she was given 
a 1-min. rest before the session was continued. 

Stimuli and problems. 
uli could be described in terms of five bi- 
leveled dimensions. The frequency of the 
tone was either 250 cps or 1800 cps. Its 
intensity was either 43 or 64 phons for the 
250-cps tone, or it was 54 or 64 phons for the 
1800-cps tone. The intermittent addition of 
white noise (at 55 phons) or its absence was 
another dimension. The sound also had a 
quality of steadiness or regular interruption 
on for 1 sec. and off for .5 sec The fifth 
dimension was the earphone, either left or 
right, through which the sound was presented. 

When variation of a dimension was not 
needed, as in some problems where the 
dimension was neither relevant nor irrelevant, 


various sounds 


made. 


The auditory stim- 


one level was consistently presented. The 
constant levels were 1800 cps for frequency, 
43 or 54 phons (depending on which of the 
frequencies was used) for the intensity, the 
absence of white noise, steadiness of the tone, 
and the left earphone. The specific levels 
of the dimensions were determined by a pilot 
study which required comparable Ss to show 
100% discriminability of the levels.* 

The 15 problems were of three types. Five 
problems had only 1 bit of information rele- 
vant. For example, when frequency was the 
only relevant information S would hear soft, 
clean, steady tones in the left earphone. If 
the tone had a high frequency, S was to press 
the switch with the plus sign. If the tone 
had a low frequency, S was to press the 
switch which was unmarked. 

Five other problems had 2 bits of relevant 
information. For example, if frequency and 
intensity were the relevant dimensions, S 
would hear a clean, steady tone in the left 
earphone. If the tone had both a high fre- 
quency and a low intensity, S was to press 
the switch with the plus sign. For all other 
tones S was to press the unmarked switch 

In both of these examples no irrelevant 
information was present. If, however, ear- 
phone had been an irrelevant 
then although the above described 
would have come into each ear equally often, 
S should ignore this dimension and respond 
only to frequency and intensity in the latter 
problem, and only frequency in the former. 

The third set of five problems had 3 bits 
of relevant information. For example, a 
positive instance could be a high frequency, 
low intensity, and interrupted tone. All 
others would be negative instances. 

The program, which was controlled by 
Western Union tape transmitters, contained 
a series of 96 stimuli. If the concept was not 
identified in the first presentation of 96 
patterns, the series was repeated. 

The order of prescatation of the negative 
and positive instances of the concept was 
determined randomly, but no matter how 
much information was relevant or irrelevant, 
25% of the presented patterns were positive 
instances. 


dimension, 
tones 


RESULTS 


Trials to criterion.—As the amount 
of relevant information increased, the 
number of trials (auditory patterns) 


3 bits of 
3 The writers are indebted to Willard R. 

Thurlow for his help in assessing the fre- 

quencies and intensities of the signals. 


increased. For 1, 2, and 
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number of trials, mean number of errers, and 
mean time to criterion as a function of amount 
of nonredundant relevant 
information. 


INFORMATION, BITS 


Performance as measured by mean 


and irrelevant 


relevant information, the mean num- 
ber of trials to criterion was 62.6, 
99.3, and 131.4, respectively. The 
few Ss who failed to achieve the 
performance criterion were assigned 
the score of 192. Failing to take all 
Ss to the performance criterion intro- 
duces a slight bias in estimate for 
high levels of both relevant and 
irrelevant information. On the other 
hand, replacement of these less able 
Ss with others who could solve the 
problem would have introduced a 
bias in the opposite direction. Figure 
1 shows the mean number of trials 
to criterion as a function of both 
relevant and irrelevant information. 
The results of an analysis of variance 
indicated that the increase in trials 
to criterion was highly significant 
(F = 23.48, df = 2/12, P < .001) and 
that this function is best described by 
a straight line since only the linear 
component was significant. 


For 0, 1, and 2 bits of irrelevant 
information, Ss required 74.8, 103.1, 
and 112.0 trials, respectively, to 
achieve the criterion. This increase 
was significant (F = 9.18, df = 2/45, 
P < .001). In this case too, only 
the linear component was significant ; 
the increasing performance degrada- 
tion is well described by a straight 
line. 

Of particular interest is the lack 
of an interaction between relevant 
and irrelevant information. At least 
over the range studied, adding irrele- 
vant information into an already 
difficult auditory display did not 
make the task differentially more 
difficult. 

Errors.—This measure is the num- 
ber of stimuli incorrectly assigned to 
a category by S. Figure 1 shows the 
mean number of errors as a function 
of relevant and irrelevant information. 
For 1, 2, and 3 bits of relevant infor- 
mation, the mean number of errors 
was 9.3, 17.5, and 27.6, respectively. 
These differences were highly signifi- 
cant (F=25.70, df=2/12, P<.001). 
The function was best described by a 
straight line since only the linear 
component was significant. 

A similar increase in number of 
errors was observed as a function of 
irrelevant information : the mean num- 
ber of errors was 9.7, 18.8, and 25.8 for 
0, 1, and 2 bits of irrelevant informa- 
tion, respectively. These differences 
were also highly significant (/= 8.24, 
df = 2/45, P < .001), and again only 


the linear component was significant. 
Time to criterion. 


Figure 1 shows 
the time to criterion as a function of 
both relevant and irrelevant informa- 
tion. The results of an analysis of 
variance those for 


Both 
information 


were similar to 
trials to criterion and errors. 
relevant and 


their 


irrelevant 


and linear 


components were 
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significant and none of the other 


terms was significant. 


DISCUSSION 


The results of the present study indi- 
cate that concept identification of audi- 
tory stimuli is quite 
concept identification of 
As in previous studies (Bourne, 1957; 
& Archer, 1956; Walker, 1957; 
Wargo, 1960) performance, as measured 
by trials, errors, and time to criterion, 
degraded as a linear function of amount 
of nonredundant irrelevant information. 
the study by Archer, 
and Brown (1955) was the performance 
degradation nonlinear. Apparently that 


comparable to 
visual stimuli. 


Brown 


Only in Bourne, 


finding was anomalous. 

The present results are also consistent 
with those of Wargo (1960). Perform- 
ance degraded as a linear function of 
nonredundant relevant information and 
the interaction 
irrelevant information 
In this regard the present study 
is also not consistent with Walker (1957). 
Since Walker required his Ss to use two, 


between relevant and 


was not signifi- 


cant. 


four, or eight response categories when 1, 
2, or 3 bits of information were relevant, 
confounded 
The differ 
ential response complexity could account 


response complexity was 


with concept complexity. 


for the nonlinear performance degrada- 
tion he observed ; and this nonlinear func- 
tion turn, for the 
significant interaction. 

Of particular interest is the contrast 
f Lordahl’s (1959) data with the present 
results. In his study, variation of ir- 
relevant auditory information had little 
effect on performance when S had to 
use both visual and auditory relevant 
information simultaneously. Apparently, 
as Lordahl suggested, Ss either have a 
preference for responding to visual ir- 
relevant information or they are better 
able to ignore auditory irrelevant infor- 
mation. However, when the concept to 
be identified involves only auditory 
signals, then variation in auditory ir- 
relevant information is just as effective a 
way of manipulating the complexity of 
the task. 


would, in account 


IDENTIFICATION 


SUMMARY 


The effect identification of 
the simultaneous variation of nonredundant 
relevant and irrelevant auditory information 
was determined The had three 
levels (1, 2, or 3 bits) of relevant information 
orthogonal to three levels (0, 1, 
irrelevant 


upon concept 


design 


or 2 bits) of 
There were five 
different problems within each of the thre 
levels of relevant 
were assigned to each of the 
of problems and information. 


information 
information Iwo Ss 
$5 combinations 


The S’s task was to place auditory stimuli 


into one of two categories, i.e., distinguish 
between positive and negative instances of 
Ninety Ss served 


individually to a criterion of 32 consecutively 


conjunctive concepts. 
correct responses or a maximum of 192 trials 
(whichever occurred first). The Ss received 
immediate feedback the 
correctness of their responses through two 
signal lights. 

The major results were: (a) Performance 
as measured by trials, errors, and 
criterion, degraded as a 
both nonredundant relevant and 
information. (6) The interaction between 
the two variables of relevant and irrelevant 
information was not significant 


information about 


time to 
linear function of 


irrelevant 
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TRANSFER FROM VERBAL-DISCRIMINATION TO 
PAIRED-ASSOCIATE LEARNING! 


WILLIAM F. BATTIG, 
AND JOHN G 


University 


The need for a more analytic ap- 
proach to verbal learning, whereby 
two or more phases or stages are dis- 
tinguished and treated separately, is 
becoming increasingly apparent. Un- 
derwood and his associates have clearly 
demonstrated the importance in ver- 
bal paired-associate learning of dis- 
tinguishing between a response-learn- 
ing or response-recall phase and an 
associative phase (Underwood, Run- 
quist, & Schulz, 1959), and have fur- 
ther suggested that quite different 
mechanisms may be involved in these 
two phases (Underwood & Schulz, 
1960). The implications of a similar 
stage-wise analysis have also been 
profitably exploited in studies of serial 
learning (Hovland & Kurtz, 1952), as 
well as verbal-discrimination learning 
(Runquist & Freeman, 1960). 

In view of the high order of com- 
plexity of verbal paired-associate learn- 
ing, an extension of this kind of ana- 
lytic approach to encompass more 
than two phases would seem to be a 
strong possibility, at least at a con- 
ceptual level. However, the useful- 
ness of the Underwood et al. approach 
can be largely attributed to their suc- 
cess in separating response-learning 
and associative phases in terms of 
specific experimental operations in- 
volving some type of familiarization 
with the material to be learned prior 
to its use in a paired-associate task. 

1The research reported herein was per- 
formed pursuant to a contract with the 
United States Office of Education, Depart- 
ment of Health, Education, and Welfare 

2 Now at College of William and Mary. 

3 Now at Carnegie Institute of Technology 


JOHN M. WILLIAMS, 


. WILLIAMS # 


of Virginia 


Further analyses of paired-associate 
learning into separate stages will 
therefore be of value only to the extent 
that experimental procedures can be 
devised which permit the isolation and 
separate evaluation of these phases. 
The process of discriminating be- 
tween items of the list has been sug- 
gested previously as an important 
aspect of paired-associate learning 
(e.g., Gibson, 1940), and may repre- 
sent an additional phase separable 
from either the response-learning or 
associative phases. Appropriate oper- 
ations for the experimental isolation of 
a discrimination phase would seem to 
be provided through the use of a 
verbal-discrimination (VD) learning 
procedure prior to paired-associate 
(PA) learning. Accordingly, the first 
of the present experiments represented 
an attempt to isolate and determine 
the relative importance of a phase in 
PA learning involving the discrimina- 
tion between items of a pair, as com- 
pared with familiarization and associ- 
ative phases similar to those identified 
previously. This was accomplished 
by introducing controlled variations 
in the relationships existing between 
the material used in VD learning, and 
that subsequently employed in PA 
learning. Due to the unexpected na- 
ture of the results, which gave no 
evidence of any positive effect on PA 
performance from either prior discrimi- 
nation or familiarization by means of 
a VD task, Exp. II was then under- 
taken to try to replicate and extend 
these findings concerning the nature of 


transfer between VD and PA learning. 
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METHOD 


Experiment I 


Subjects.—Vhe 36 Ss were undergraduates 
who were either paid for their services or 
satisfied an introductory psychology course 
requirement. Additional motivation was 
provided by an announced bonus of $5 and 
$2 to the two fastest learners. Each S 
served for a single session of 1 hr. or less, 
during which he first learned a VD list, 
immediately followed by a PA list. 

Materials —The nonsense-syllable mate- 
rials were all selected from the 34-37% range 
of association values as determined by 
Archer (1960). A single list of 12 pairs was 
constructed for PA learning, taking special 
precautions to minimize formal similarity 
between any of the items in the list and to 
avoid obvious associations within any pair. 
An additional eight syllables, chosen so as to 
be minimally similar to those on the PA list 
and to one another, were selected for use in 
the VD task, in conjunction with the syllables 
that were also used in the PA list. 

VD procedure.—Each S was presented with 
a list of 12 pairs of nonsense-syllables, one of 
each pair having been previously designated 
as “right"’ and the other “wrong,” and in- 
structed to learn to respond by pronouncing 
the right syllable each time that pair was 
presented. Each pair was typed on a 3 X 5 
in. card and presented by E through a manu- 
ally operated card exposure device under self- 
paced conditions, until S had pronounced one 
of the two syllables on the card. At this 
point, E said either “right” or “wrong,” after 
which the card containing the next pair was 
presented immediately. The use of self-paced 
conditions was necessary to insure that a re- 
sponse was made to each pair, although Ss 
typically responded within 2 or 3 sec., and few 
deviated appreciably from a regular rate of re- 
sponding. A prearranged order of presenta- 
tion provided that (a) all 12 pairs were pre- 
sented once on each trial; (b) no pair appeared 
in the same position within the list on more 
than one trial (unless S required more than 12 
trials, in which case the orders used on the first 
12 trials were repeated) ; (c) each syllable ap- 
peared in the left and right positions on the 
card equally often; (d) an approximately 
equal number of right and wrong syllables ap- 
peared in each position on the card within any 
trial. Learning was carried out to a criterion 
of two successive errorless trials. Immedi- 
ately following the conclusion of VD learning, 
a recall test was given in which the wrong 
syllable of each pair was presented indi- 
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vidually while S attempted to recall the right 
syllable previously paired with it, in order to 
check on the extent to which intrapair asso- 
ciations had been learned during the VD task. 
No information was given as to the correctness 
of these recall responses, in order to prevent 
the actual learning of associations during 
the recall test. 

PA  procedure.—Having been given no 
previous indication that anything beyond 
the VD task would be required of him, 5 
was taken immediately after the conclusion 
of VD learning to another part of the experi- 
mental room previously b.ocked from _ his 
view, and seated before the memory drum on 
which the PA task was presented. Standard 
instructions for PA anticipation learning were 
given, with an added statement that some of 
the syllables had been used previously on the 
VD task, so that S should try to anticipate the 
correct response the first time through the 
list. The PA learning task was identical 
for all Ss, with each stimulus being presented 
alone for 2 sec., while S attempted to pro- 
nounce the correct response, followed by 
the stimulus-response pair for 2 sec., with 
an 8-sec. intertrial interval. Each S learned 
to a criterion of 2 successive errorless trials, 
or to a maximum of 24 trials. 

Design.—A mixed-lists within-Ss design 
was employed, whereby the 12 pairs were 
systematically varied in terms of their 
relationship to the previous VD task, as 
follows: 

Discriminated (D) pairs: Four of the 12 
PA pairs had also been used as pairs in the 
VD list. For 2 of these pairs, representing 
the D(S) condition, the PA stimulus had 
been “right’’ and the response “wrong” on 
the VD task. For the other 2 pairs, the 
D(R) condition, the response had been right 
and the stimulus wrong. As defined for 
purposes of this study, these pairs were 
assumed to have gone through both familiari- 
zation and discrimination phases during the 
VD task, but not the associative phase. 

Familiarized (F) pairs: An additional four 
PA pairs consisted of syllables previously 
used in the VD list, but each had been paired 
therein with another syllable not used in the 
PA task. As with the D pairs, two of these 
F pairs consisted of stimuli which were right 
and responses wrong on the VD task, while 
the reverse was true for the other two pairs, 
which are designated as the F(S) and F(R) 
conditions, respectively. The familiarization 
phase was therefore assumed to have already 
been provided by the VD task for these pairs, 
but they had not been directly discriminated, 
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TABLE 1 


VD Lists ILLUSTRATING CONDITIONS FOR 
Exp. I anp II, AND PA List Usep 
FOR ALL Ss OF BOTH 
EXPERIMENTS 


Experiment I 
oon PA List . 
| | (Exp. I | 
VD List & Il) } 
——} Cond. 
R= w | R* W 


Experiment II 


VD List 


BIY-ROJ D(s) | BIY-ROJ | 
JAF-LIH D(S) JAF-LIH | 
KUX-VoR | D(R) VOR-KUX | 
PIB-QAW | D(R) | QAW-PIB | D(R) PIB-QAW 
ruz-ciq | F(S) RUZ-TEY L(S-R) | RUz-z0G 
yun-TEY F(S) ZOG-DEQ L TEY-VAK 
zoG-qer F(R) PEH-VAK L(S) | PEH-svQ 
gah-DEQ F(R) SUQ-GED L(R) GED-DEQ 
bov-PEH N TIV-JEC U(S-R) TIV-QUM 
VAK-zes | N U JEC-YIS 
jiz-suQ N 

GED-jub N 


D(S) BLIY-ROJ 
D(S) JAF-LIH 
D(R) KUX-VOR 


| 


| NUK-ZIL 
WOX-QUM 
| YIS-MUP 


U(S) 
U(R) 


WOX-ZIL 
MUP-NUK 


Note.—VD syllables not used in PA list written in 
lower-case letters. 

*R =right; W = wrong 

+S = stimulus; R = response. 


either from the syllables paired with them 
or from any other syllable used in the PA 
list. 

New (N) pairs: The final four PA pairs 
consisted of syllables’ which had not been 
used in the VD list, so that neither prior 
discrimination nor familiarization 
had taken place. 

One of the six VD lists is presented in the 
left column of Table 1, to illustrate the method 
by which each condition was produced within 
the framework of a single PA list. By means 
of a latin square, each subset of four PA pairs 
was used under the D, F, and N conditions 
for one-third of the Ss. In addition, the right 
and wrong syllables of each VD pair were 
reversed for half of the Ss within each of 
these three subgroups, so that each PA pair 
also appeared equally often within the S and 
R subsets of the D and F conditions. As a 
consequence, a total of six different VD 
lists were used, each being learned by 6 
Ss. Each of the first 6 Ss to appear in the 
laboratory was assigned to a different VD 
list on the basis of a predetermined random 
order, as was also true for each subsequent 
set of 6 Ss. 


phases 


Experiment II 

In order to check the possibility that the 
results of Exp. I were due to its within-Ss 
design, so that performance on the N condi- 
tion of the PA task may have been facilitated 
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by the relative novelty of these pairs, a 
separate control group of Ss was tested in 
Exp. II under conditions corresponding to 
the N condition of Exp. I. In addition, PA 
pairs consisting of syllables previously paired 
on the VD task with syllables from other 
pairs of the PA list were employed, replacing 
the F condition of Exp. I. Furthermore, 
besides the variation in the PA pairs of the 
stimulus or response position of the right and 
wrong syllables from the VD task, the number 
of right or wrong syllables within the PA 
pairs was also systematically varied. These 
and other minor differences from Exp. I are 
described more fully below, although in 
most respects the materials and procedure 
were identical for the two experiments. 

Subjects.—The Ss were 60 summer session 
students who were paid for their services, 
and were assigned to an experimental group 
of 36 or a control group of 24 Ss in terms of a 
predetermined random order based on their 
order of appearance in the laboratory. An 
additional 8 Ss were eliminated due to their 
inability to learn the VD list to criterion with- 
in a reasonable time, and were replaced by 
the next S to be tested. 

Materials —The same nonsense syllables 
used in Exp. I were employed, along with 
an additional 16 syllables selected from the 
32-41% range of association values (Archer, 
1960) for the VD task of the control group. 

Design.—Prior to PA learning, the control 
group learned a VD list consisting exclusively 
of syllables not used in the PA list. For the 
experimental group, all syllables of the PA 
task had also been used in the VD task, but 
the two tasks were related in several different 
ways. Four of the 12 PA pairs were identical 
to the D(S) and D(R) conditions of Exp. I. 
Four other PA pairs constituted a like-position 
(L) condition wherein each stimulus had 
been paired on the VD task with a stimulus 
from another PA pair, and each response 
with another response. Each of these pairs 
differed in the number or position of syllables 
which were right or wrong on the VD task, 
as follows: (a) L(S-R) condition: Both 
syllables of the PA pair had been right on the 
VD task; (6) L condition: Neither syllable 
was right on the VD task; (c) L(S) condition: 
The stimulus syllable was right and the 
response wrong; (d) L(R) condition: The 
response was right and the stimulus wrong. 
The final four pairs represented an unlike- 
position (U) condition, in that each PA 
stimulus had been paired on the VD task with 
a response from another PA pair, and each 
response with the stimulus from another pair. 
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As with the L conditions, these represented all 
possible combinations of right and wrong 
syllables, and were also subdivided 
U(S-R), U, U(S), and U(R) pairs. 

\s in Exp. I, a latin square counterbalanc- 
ing procedure was employed so that each 
pair of the PA list was used equally often 
under each condition. Due to the increase 
in number of conditions, the use of 12 dif- 
ferent VD lists was necessary to accomplish 
this, each being learned by 3 Ss of the experi- 
mental group. One of these lists is presented 
in the right half of Table 1, to illustrate the 
method by which the various relationships 
between the VD and PA pairs were produced 

Other minor differences from Exp. I in- 
cluded: (a) the use of a different E; (6 
an expansion of the recall test following the 
VD task so that both the right and wrong 
syllables of each pair were presented indi- 
vidually for recall; (c) an addition to the PA 
instructions of a statement that the PA 
task would be more difficult than the VD 
task, due to indications from Exp. I that Ss 
may have been unaware of the difference in 
difficulty, and that their resulting discour- 
agement interfered with their PA performance 


into 


RESULTS 


Since 83% of the Ss both in Exp. | 
and II failed to reach the criterion of 
2 successive errorless trials on the PA 
task within 24 trials, total number of 
correct anticipation responses over the 
24 trials represented the most appro- 
priate PA performance measure. This 
was therefore computed separately for 
each of the 12 PA pairs for each 5S, 
assuming that those few Ss 
reached criterion would have 
tinued to respond correctly on all sub- 
sequent trials. A second measure, 
more appropriate as an index of initial 
rate of learning, was the number of 
errors (trials) preceding the first cor- 
rect response to a given pair, desig- 
nated as before-errors. 


who 


con- 


In addition, 
the percentage of trials following the 
first correct response on which errors 
were made (after-errors) was also ob- 
tained. The means for each of these 
three measures are presented for the 
various conditions of Exp. I and II in 


Tables 2 and 3, respectively. Also 
examined was the nature of any overt 
errors on the PA task, which are not 
presented due to their infrequency and 
failure to show significant effects. 

Although the use of different S 
populations precludes any direct com- 
parison between the two experiments, 
their results will be discussed together, 
because of the close comparability be- 
tween them in conditions and pro- 
cedures. Unless otherwise stated, all 
comparisons reported as statistically 
significant refer to the .01 significance 
level, although all comparisons signifi- 
cant at the .05 level are reported 
as such. 

D-F-N conditions (Exp. I).—Table 
2 shows that performance for the N 
condition was numerically superior for 
all measures, with the exception of 
after-errors, where it was slightly sur- 
passed by the D condition. Analyses 
of variance revealed significant differ- 
ences between conditions for correct 
responses (Ff = 8.34) and after-errors 
(F = 5.66), but not for before-errors 
(F = 1.75, all Fs based on 2 
150 df). Further analysis revealed 
that the D and N conditions did not 
differ significantly from each other, 
but both were significantly superior to 
the F condition in correct responses, as 
well as after-errors. 

D-L-U conditions (Exp. I1).—As 
shown by Table 3, performance under 
the D condition was superior on all 
measures to the L and U conditions, 
but significantly so only for correct 
responses (F = 5.23,df = 2/264). Nei- 
ther before-errors (/ 2.69) nor 
after-errors (F = 2.35) differed sig- 
nificantly between conditions.  Fur- 
ther analysis revealed that the D con- 
dition was significantly superior in 
correct responses to both the L and U 
conditions, which did not differ from 
each other. 

Experimental-control group 


and 


(Exp. 
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TABLE 2 


PA PERFORMANCE MEASURES FOR CONDITIONS OF Exp. I 





D Condition 
Measure a aatiartrintapiermmaneed 


Dis) | DiR) 


10.61 | 8.82 | 
9.29 | 12.25 
279 249 


Correct responses 
Before-errors 
After-errors 


II).—The performance of the control 
group, corresponding to the N condi- 
tion of Exp. I, was numerically su- 
perior to the L and U conditions on 
all measures, but slightly inferior to 
the D condition, as shown by Table 3. 
However, none of these differences 
approached significance by analysis of 
variance (all Fs <1). This lack of 
significance, despite the close com- 
parability in magnitude of the differ- 
ences involved with the previously 
described significant differences both 
in Exp. I and II, is a direct result of 
the use of different Ss in the experi- 
mental and control groups, and the 


Total 
9.72 
10.77 | 

265 | 


| F Condition | 
-_ . - —_——— |N Condition 
Fis) | F(R) Total 
7.25 8.08 
11.31 12.01 
.429 .326 


consequent necessary inclusion of be- 
tween-Ss variance in the error term 
appropriate for this analysis. Since 
the amount of total variance was quite 
similar within the experimental and 
control groups, the within-Ss error 
variance from the previous D-L-U 
analysis involving the experimental 
group could be used as an estimate of 
error variance uncontaminated by 
differences between Ss. When this 
was done, control group performance 
proved to be significantly superior to 
the combined L and U conditions 
(F = 9.76, df = 1/264), although dif- 
fering at only the .05 level from the 


TABLE 3 


PA PERFORMANCE MEASURES FOR CONDITIONS OF Exp. II 


Measure Control Group 


Correct responses 
Before-errors 
After-errors 


10.57 
9.91 
.250 


D Condition 


D(R) Total 

10.63 

9.88 
.248 


10.92 
9.63 
.240 


L Condition 


Measure .(S- L 
8.31 
12.14 
.300 


Correct responses 
Before-errors 
After-errors 


L(R) Total 
9.83 
10.14 

.291 


9.26 
10.55 
312 


U Condition 


Measure 
Correct responses 
Before-errors 
After-errors 


Total 


9.33 
11.14 
.274 
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L (F = 5.96) and U (F = 6.67) con- 
ditions separately, and not at all from 
the D condition (F < 1). While the 
statistical legitimacy of this procedure 
is suspect, it at least serves to demon- 
strate that the results for the N (con- 
trol) condition are closely comparable 
between Exp. I and II, and that the 
apparent discrepancies with respect to 
statistical significance are directly at- 
tributable to the greater efficiency of 
the within-Ss design of Exp. I. 

Several points of agreement be- 
tween Exp. I and II are noteworthy, 
particularly the fact that neither gave 
any indication of superiority for the 
D condition over the N_ (control 
group) condition. Moreover, all con- 
ditions wherein the syllables of the PA 
list were previously used in VD learn- 
ing but paired differently (F, L, and 
U_ conditions) performance 
significantly below either the D or 
N (control) conditions. Finally, al- 
though the two experiments could not 
be compared directly, the difference 
from the D and N conditions was 
approximately equal for the F condi- 
tion of Exp. I and for the L and U 
conditions of Exp. II, indicating that 
VD pairing with syllables from other 
PA pairs produces no more interfer- 
ence than does VD pairing with 
syllables not in the PA list. 

VD right-wrong comparisons.—As 
shown in Table 2, the D(S) condition 
of Exp. I, wherein the stimulus of the 
PA pair was right on the VD task 
and the response wrong, was superior 
on all measures to the D(R) condi- 
tion. However, the F(S) condition 
was superior to the F(R) condition 
only in before-errors. Analyses of 
variance showed that the combined 
D(S) and F(S) conditions were signifi- 
cantly superior at the .05 level to the 
D(R)-F(R) conditions in before-errors 
(F = 5.99, df = 1/150), but not for 
either correct responses (F = 0.63) or 


showed 
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after-errors (/ = 1.98). However, 
the D-F by (S)-(R) interaction proved 
to be significant at the .05 level for cor- 
rect responses (F = 4.74, df = 1/150), 
which was shown by subsequent anal- 
ysis to be due to the significant su- 
periority of D(S) to D(R), while the 
inferiority of F(S) to F(R) 
nonsignificant. 

Table 3 shows that the D(S) condi- 
tion was also numerically superior to 
D(R) for all measures of Exp. II, 
although not significantly so (all Fs 
<1). Likewise, no consistent nor sig- 
nificant effect emerged from a com- 
parison of the four possible combina- 
tions of stimulus and response, right 
or wrong within either the L or U con- 
ditions (these Fs <1). With the 
possible exception of the L conditions, 
within which performance under the 
L(S-R) condition was best and the L 
condition worst, there is absolutely no 
evidence that PA performance is re- 
lated to the number of syllables which 
were right on the VD task. Further- 
more, in agreement with the F condi- 
tion of Exp. I, PA learning was un- 
affected by whether the right syllable 


was 


was in the stimulus or response posi- 


tion of the PA pair. Any such effect 
therefore appears to be limited to the 
D condition, although even here the 
superiority of the D(S) to the D(R) 
condition proved to be significant only 
in Exp. I. 

VD recall test.—After VD learning, 
when Ss of Exp. 1 were presented the 
wrong syllable from each pair and 
attempted to recall the right syllable 
previously paired with it, an average 
of 17% correct associations were given, 
and only 7 of the 36 Ss failed to give 
any. In Exp. II, where this test was 
expanded to include the separate pre- 
sentation of both the right and wrong 
syllable of each pair, one or more cor- 
rect associations were made on 21% 
of the pairs for both the experimental 
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and control groups, while only 4 of the 
36 experimental Ss and 2 of the 24 
control Ss gave none. Each group 
gave correct associations to 13% of 
the 24 individual syllables of the VD 
task. Presentation of the wrong 
syllables, while S attempted to recall 
the right ones, produced 16% correct 
responses, as contrasted with 11% 
when the right syllables were pre- 
sented. This difference was highly sig- 
nificant (t = 5.24, df = 59), indicat- 
ing that Ss had learned more about 
the right than the wrong syllables dur- 
ing VD learning, since they were 
better able to recall them. 

Although relatively small in num- 
ber, the extent to which correct intra- 
pair associations were given on the 
VD recall test appeared to warrant a 
comparison in performance between 
PA pairs involving correct associations 
during VD recall (associated pairs), 
and those which did not (nonassoci- 
ated pairs). Since such comparisons 
require performance measures both on 
PA pairs which did and did not involve 
correct VD associations, it was neces- 
sary to eliminate for this purpose those 
Ss for whom all PA pairs within a 
given condition were either associated 
or nonassociated. For Exp. I, this 
left 18 Ss within the D condition and 
25 Ss for the F condition, while the D, 
L, and U conditions of Exp. II in- 
cluded 26, 19, and 13 Ss, respectively. 
It was found that more correct PA 
responses were given to associated 
than to nonassociated pairs under all 
conditions. For the D condition, this 
difference was significant at the .05 
level for Exp. II (¢ = 2.13, df = 25) 
and for both experiments combined 
(t = 2.35,df = 43), but not for Exp. | 
(¢ = 1.33, df = 17). For the com- 
bined F, L, and U conditions, the su- 
periority of performance on associated 
pairs was significant (t= 2.78, df =56), 
even though these syllables had been 
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paired differently on the VD task, so 
that different associations had to be 
formed during PA learning. How- 
ever, this difference was not significant 
for either the F (¢ = 1.93, df = 24), 
L (¢ = 1.35, df = 18), or U condition 
(t = 1.41, df = 12) tested separately. 
No meaningful statistical comparison 
was possible between PA pairs with 
one and both syllables correctly asso- 
ciated on the VD recall test under the 
F, L, and U conditions, due to the 
small numbers involved, although 


slightly more correct responses were 
given to such pairs with both syllables 
associated correctly during VD recall 
than to corresponding pairs with one 
or no syllables correctly associated. 


Correlation coefficients were com- 
puted between performance on the 
VD recall test and total correct re- 
sponses on the PA task for Ss of the 
various groups, to determine whether 
there was any relationship between 
them. A significant positive relation- 
ship was found for Exp. I (r = .438), 
and that for the experimental group 
of Exp. Il was nearly significant 
(ry = .293), but little or no relationship 
was shown for the Exp. II control 
group (r = .104). Apparently forma- 
tion of associations on the VD task, 
as measured by performance on the 
VD recall test, affects subsequent PA 
performance only when the same 
syllables are used on both tasks, rather 
than representing a general tendency 
for fast PA learners to form more 
associations during VD learning. 

VD performance.—One final attempt 
to explicate the relationships between 
PA and VD learning consisted of the 
calculation of the number of trials and 
errors to the criterion of two successive 
errorless trials on the VD task for 
each S, which were then correlated 
with the various PA _ performance 
measures, as well as the VD recall test. 
The VD performance measures were 
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closely comparable for Exp. I and the 
experimental and control groups of 
Exp. Il. However, significant posi- 
tive relationships were obtained be- 
tween VD and PA performance as 
measured either by correct responses 
or before-errors only for Exp. I and 
the experimental group of Exp. II, 
with the various r’s ranging from .37 
to .77. No significant relationships 
were found for the Exp. II control 
group, suggesting again that the use 
of similar material rather than a 
general learning ability accounts for 
the observed relationships between 
VD and PA performance. VD _ per- 
formance was also unrelated to scores 
on the VD recall test, indicating that 
increasing the number of presentations 
of the VD pairs did not affect the 
number of associations formed within 
these pairs. 


DISCUSSION 


The present results provide no evi- 
any facilitation of PA per- 
formance by prior VD learning involving 
the PA material. In terms of the original 
rationale underlying this study, it would 
therefore appear that 
and discrimination processes are unim- 
portant in PA Such a con- 
clusion, unlikely 
by the numerous studies demonstrating 
transfer 
familiarization 


dence for 


familiarization 


learning. 
however, is rendered 
positive from a variety of 
discrimination pro- 
cedures prior to PA learning, although 
such findings are by no means universal 
(e.g., Arnoult, 1957; Underwood & 
Schulz, 1960). Nevertheless, if familiar- 


and 


ization and discrimination processes do 
play a significant role in PA learning, it 
is clear that neither was produced to any 


VD 


substantial degree by the 
task. 

The absence of positive transfer from 
VD to PA learning in this and other 
studies (Young & 1954), 
along with the finding of no 


present 


Underwood, 
present 


*R. K 
1960. 


Young, personal communication, 
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‘relationship between VD and PA per- 


formance within the Exp. II control 
group, both indicate that basically dif- 
ferent learning processes may be involved 
in the VD and PA tasks. Such an inter- 
pretation receives further support from 
the present comparisons involving the 
number and position of right and wrong 
VD syllables in the PA pairs, especially 
the finding that PA performance under 
the D(S) condition, for which the 
stimulus had been right and the repsonse 
wrong on the VD task, was significantly 
superior to the reversed D(R) condition 
in Exp. I. 
about the 


That more must be learned 
than the stimulus 
in PA learning has been demonstrated 
previously (e.g., Underwood & Schulz, 
1960). Moreover, the VD recall test 
of Exp. II clearly showed that more had 
been learned about the right than the 
wrong syllables during VD learning. 
Consequently, superior performance would 
be expected under the D(R) condition, 
where the right syllables, about which 
more had been learned, appeared as the 
PA response, about which more needs 
to be learned. The contrasting superi 
ority of the D(S) condition suggests 
that whatever is learned about syllables 
on the VD task must be more appro- 
priate to PA learning of the stimulus 
than to PA response learning, which also 
points to the probable 
differences between the 
tasks in the 
involved. 


response 


locus of 
VD 


learning 


any 
and PA 
basic pre cesses 

That VD learning is in fact closely 
compatible with learning of the PA 
stimulus is indicated by the funda 
mental importance of recognizing and 
differentiating between items of the list 
in both cases. As concerns PA response 
learning, at least two previous investi- 
gators have suggested that this may be 
basically different from VD learning. 
Underwood et al. (1959) concluded that 
their method for produc ing PA response 
learning did not involve any substantial 
differentiation such 
as would be produced by the present VD 
task. In a similar vein, Runquist and 
Freeman (1960) have hypothesized that 
the process of connecting the component 


between responses, 
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letters of the response syllables to form 
a single response unit, termed ‘‘response 
integration” by Mandler (1954), may 
be largely absent from VD learning. 
Further evidence for the unimportance 
of response integration in VD learning 
is provided by the present finding of no 
relationship of VD performance to the 
results of the VD recall test, wherein 
response integration was necessary for 
successful performance. In contrast, 
response integration has previously been 
shown to constitute a major part of PA 
learning of unfamiliar material, such as 
the nonsense syllables employed herein 
(Underwood & Schulz, 1960), so that the 
principal difference between the VD and 
PA tasks may well lie in the extent to 
which this process is involved. 
Differences with respect to response 
integration can also account for the 
obtained superiority of subsequent PA 


performance on pairs correctly asso- 


ciated during the VD recall test, inas- 
much as successful VD recall implies 
that a substantial degree of response 
integration is present at the conclusion 
of VD learning, so that PA performance 


should be facilitated thereby. Rather 
than actually being produced as a result 
of VD learning, however, these correct 
VD recall associations may simply mean 
that the component syllables possessed 
greater familiarity or association value 
to the individual S prior to the experiment. 

The significant negative transfer found 
under the F, L, and U conditions re- 
presents the most puzzling result of 
the present study, which defies obvious 
explanation. To the extent that intra- 
pair associations had been learned on 
the VD task, interference of these VD 
associations with subsequent learning of 
the re-paired syllables on the PA task 
would offer a means of accounting for 
this finding, since negative transfer 
commonly occurs under such conditions 
(e.g., Porter & Duncan, 1953). How- 
ever, the absence of any significant 
facilitating effects under the D condition, 
wherein the PA and VD pairs were 
identical, along with the relatively 
small number of intrapair associations 
shown by the VD recall test, together 
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indicate that such associations could have 
been at best a minor factor in accounting 
for the observed negative effects on PA 
performance. Furthermore, performance 
under the combined F, L, and U condi- 
tions was actually significantly better on 
those PA pairs containing syllables cor- 
rectly associated on the VD recall test, 
as compared with pairs involving no 
measurable learning of associations dur- 
ing the VD task. As suggested previ- 
ously, this superior PA performance on 
pairs involving correctly associated VD 
syllables is quite likely due more to the 
greater prior familiarity or association 
value of these syllables than to the actual 
learning of associations during VD learn- 
ing. Nevertheless, such a result is dia- 
metrically opposed to the formation of 
wrong associations on the VD task as an 
explanation for the inferiority of the F, 
L, and U conditions, and indicates that 
the primary locus of the observed inter- 
ference must lie instead in the nonasso- 
ciated VD syllables. Of course, the 
possibility remains that the VD recall 
test was not sufficiently sensitive to re- 
cord weaker intrapair associations formed 
during VD learning, and the lack of any 
other apparent mechanism to account 
for the observed negative transfer effects 
lends credence to this suggestion. How- 
ever, if the presence of negative transfer 
is used to infer that associations had 
been learned on the VD task, these asso- 
ciations were by definition of a partial 
or subthreshold variety, so that signifi- 
cant evidence would thereby be provided 
in opposition to the all-or-none theory 
of association formation (Estes, 1960; 
Rock, 1957). 

Since the differences between the D 
condition and the combined F, L, and U 
conditions were as expected, but both 
were depressed with respect to the N 
(control) condition, an alternative pos- 
sibility is that some general source of 
interference may have operated only 
on those PA pairs consisting of syllables 
used previously in the VD task. More 
specifically, the complex nature of the 
relationships of the various PA pairs 
to the VD task, introduced as a result 
of the present within-Ss design, may 
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have served to confuse S and to interfere 
with his performance on these pairs as 
compared with the N pairs not used in 
the VD task. However, the virtual 
identity of the results of Exp. I and II, 
which differed primarily in this respect, 
argues against such an interpretation, 
as does a previous study wherein a with- 
in-Ss procedure strikingly similar to the 
present one yielded results indistin- 
guishable from a between-groups design 
where each S served under only one 
condition (Twedt & Underwood, 1959). 

Although the VD and PA tasks were 
made to differ considerably except for 
the communality of the nonsense-syl- 
lable material, in order to minimize the 
likelihood of contamination by non- 
specific sources of transfer, any negative 
effects produced thereby should have 
affected equally the N (control) condi- 
tion, and therefore cannot readily ac- 
count for the depression of the other 
conditions relative to the N condition. 
Therefore, while an explanation in terms 
of interference on those syllables com- 
mon to the VD and PA tasks would be 
entirely consistent with the present 
results, there is no direct evidence to 
support this position, and possible mech- 
anisms which might produce such inter- 
ference remain in the realm of specu- 
lation. 

In conclusion, the present study has 
demonstrated that prior VD learning of 
nonsense-syllable pairs does not neces- 
sarily facilitate subsequent PA perform- 
ance on those same pairs, and that PA 
performance may be significantly re- 
tarded when the syllables are paired 
differently on the VD and PA tasks. 
While no satisfactory explanation is 
evident for either finding, and the 
generality of these effects beyond the 
present conditions remains to be deter- 
mined, it is apparent that basically 
learning processes may be 
involved in VD and PA learning, and 
that the further examination and specifi- 


different 


cation of these differences should repre- 
sent a 


basic and important area for 
future investigation in verbal learning 


research. 


SUMMARY 


In an attempt to determine the role of 
familiarization and discrimination processes 
in verbal paired-associate learning, two ex- 
periments were performed in which paired- 
associate (PA) learning of a nonsense- 
syllable list was preceded by verbal-dis- 
crimination (VD) learning, and the relation- 
ships between the syllables contained in the 
VD and PA pairs were systematically varied. 
Performance on PA pairs which were also 
used in the VD task (D condition) was 
significantly superior to conditions wherein 
the syllables of the PA pairs had been paired 
differently on the VD task, whether with 
other syllables not used in the PA list (F 
condition) or with syllables from other pairs 
of the PA list (L and U conditions). How- 
ever, the D condition did not differ signifi- 
cantly from new pairs not used in the VD 
task with respect to PA performance, and 
this latter N (control) condition was signifi- 
cantly superior to the F, L, and U conditions. 
This latter negative transfer effect could not 
be attributed to the learning of “wrong” 
associations on the VD task, as measured by 
performance on a recall test at the conclusion 
of VD learning. In view of the absence of 
any positive effect of prior VD learning on 
subsequent PA performance, it was 
cluded that the two tasks may involve 
different learning processes, and some specu- 
lations were offered as to the possible nature 
of these processes. 


con- 
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YTERSESSION INTERVAL 


FREQUENCY OF COMPETING RESPONSES 


AND RATE OF 
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University of 


Although several studies have 
shown the rate of change in perform- 
ance to vary inversely with the inter- 
session interval (ISI) (e.g., Baron, 
1952; Pennington & Thompson, 1958), 
more recent studies have shown the 
frequency of certain responses to vary 
directly with ISI (Premack & Bah- 
well, 1959; Premack & Collier, 1962). 
Responses that vary direc tly with 
ISI are those that, instead.of showing 
an acquisition curve 
tend to have their 
on the 
called 


over sessions, 
greatest frequency 
first test session, i.e., the so- 
exploratory Re- 
sponses of this class quite probably 
represent the principal 
responses Of learning situations. But 
if the exploratory responses of one 
situation are the competing responses 
of the learning situation, then the 
opposite effect of ISI on learning and 
exploratory-response 
spectively, suggests that the former 
may be accounted for by the latter. 
That is, the greater the ISI, the 
greater the frequency of competing 
responses, and therefore, 
the rate of learning. 

This hypothesis was tested in the 
present experiment by using the light- 
contingent bar press as a representa- 


responses. 


competing 


frequency, re- 


the slower 


tive competing response in an acquisi- 


' Part of the data reported here was taken 
from a Master of Arts thesis submitted by R. 
Putney to the Graduate School, University 
of Missouri. The study was begun during 
the senior author's tenure as a United States 
Public Health Service Postdoctoral Fellow 
and was completed with the support of Grant 
M-3345 from the National Institute of Mental 
Health 
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tion situation in which rats were 
required to learn to drink. By placing 
Ss in the test space at different [SIs 
and equating water deprivation by 
interpolated home-cage drinking ses- 
sions, it was possible to determine 
the relation between bar press fre- 
quency and rate of acquisition of the 
drinking response. 


METHOD 


male albino rats 


strain, 


Subjects.—Thirty naive 
of the Sprague-Dawley CA 80-90 
days old, were used as Ss. They were housed 
individually in wood-frame cages with hard- 
ware cloth backs, fronts, and floors 

A pparatus.—Each of 10 
built in a rack of 
equipped with 
contingent bar. Boxes were 7 
painted flat black inside 
hardware cloth floors. Illumination inside 
the box was virtually eliminated by fitting 
the refuse trays close to the base of each tier 
ol | »OXeS. er 

Drinking tubes were modified 50-ml. 
burettes, calibrated to 0.1 ml., mounted in 
the center of the hinged front door through 
which S was placed in the test box. The 
drinking spout had an inner diameter of 5 
mm., and extended ? in. into the box, 
above the floor. Like drinking tubes, 
similarly located, were used in home cage 

Each box contained an L shaped bar on 
the wall adjacent to the drinking tube. The 
bar protruded about 1 in. into the box, 2} in. 
above the floor, and was activated by 
10 gm. force. Each bar press turned on a 
1-in. Dialco pilot light mounted in the ceiling 
directly above the bar, the light remaining 
on as long as the bar was depressed. Bar 
pressing was recorded by counters housed 
in a remote sound-treated box 

Procedure.—Pretraining: After a week of 
gentling, Ss were placed on an 11}-hr. water 
deprivation schedule which was maintained 
throughout the experiment food 


wooden boxes, 
two tiers of 5 each, 
a drinking tube and light- 
xX 84 X 84 in., 


and out, and had 


Was 


2 in 


about 


Dry was 
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Fic. 1. Mean ce drunk averaged over 
running session triplets, for first 2 min., 
second 2 min., and first 4 min., with ISI as 
the parameter. 


available in home cage at all times except 
during the drinking session, when food was 
removed. Drinking sessions, in both home 
and test cage, lasted 16 min. To insure that 
accommodation to the drinking schedule 
would not be confounded with subsequent 
test operations, 14 home drinking sessions 
were given on the deprivation schedule; 
these proved sufficient to stabilize home 
drinking. On Day 8, all Ss were given their 
first drinking session in the test box. The Ss 
were then equally divided into three matched 
groups with the matching variable being the 
mean proportion of the total for a session 
that was drunk in the first 2 min. averaged 
over the last four home sessions, plus the 
proportion of the total drunk in the first 6 
min. of the first test session. The groups are 
referred to hereafter as 12, 24, and 48, the 
number denoting the number of hours that 
subsequently intervened between the succes- 
sive test sessions which the groups received. 

resting: The experiment proper began on 
the morning of Day 9, with testing of the 
12-hr. group. Thereafter the 12-hr. group 
was placed twice daily in the test boxes, at 
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8:30 a.m. and 8:30 pP.M., and thus received 
no further home drinking. The 24-hr. group 
received water in test boxes every P.M., 
and in home cages every A.M., thereby 
maintaining the 11}-hr. water deprivation 
schedule. The 48-hr. group received water 
in test boxes every other P.M., and had three 
home drinking sessions interpolated between 
every 2 test sessions. All groups received 
20 test sessions, and after the first session 
each S was assigned to a test box in which it 
received all remaining sessions. Data re- 
corded were: amount consumed in successive 
2-min. intervals, both for home and test 
drinking ; and number of bar presses by 2-min 
intervals. 


RESULTS 


Acquisition of drinking.—Acquisi- 
tion of the drinking response is shown 
in Fig. 1 where mean volume con- 
sumed is plotted against sessions with 
IS] asthe parameter. Separate curves 
are shown for the first 2-min., second 
2-min., and first 4-min. intervals, all 
of which have been smoothed by plot- 
ting the data quasicumulatively (see 
Fig. 1 for exact method). Examina- 
tion of the data by successive 2-min. 
intervals showed that from the fourth 
minute on there were essentially no 
differences either between the groups 
or over sessions, and that the main 
consistent differences of both kinds 
were confined to the first 4 min. of a 
session. An analysis of variance of 


rABLE 1 


ANALYSIS OF VARIANCE FOR THE First 4 MIN 
or Test DRINKING OVER 
SESSIONS 1-7 


Source 


Between Ss 
Interval (1) 
Error (b) 

Within Ss 
Sessions (S) 
‘xs 
Error (w) 

Total 


118.66** 
1.82* 


*P = .05 
*P < 001 
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amount consumed in the first 4 min. 
for the first seven sessions is summar- 
ized in Table 1. The closeness of the 
means for the terminal sessions, 16 
through 20, suggests that the groups 
stabilized at a common level; the sig- 
nificant interaction that was obtained 
between group and session indicates 
that the rate of approach to the 
terminal drinking level differed for 
the groups, being generally inversely 
proportional to the ISI, as shown in 
Fig. 1. When means for Sessions 16 
through 20 are used as estimates of 
asymptotes, mean volumes consumed 
in the first 4 min. for Sessions 6 and 
7 combined were: 93% of asymptote, 
83°, and 77% for Groups 12, 24, and 
48, respectively. 

Although the groups differed in rate 
of approach to terminal drinking level 
with respect to initial volume con- 
sumed, there was no difference in their 
approach to the terminal drinking 
level in terms of total consumption. 
In an analysis of variance identical 
with the preceding one except for the 
use of total, rather than initial volume 
consumed, the Group X Session inter- 
action failed to approach the 
level (F < 1.00), and only the Session 
main effect was significant (/ = 20.86, 
df = 6/162, P < O01). Thus the 
grcups increased over test sessions 
initial and total volume 
consumed, but the rate at which they 
increased differed only for initial 
consumption. 


eo 
IA 


both in 


Interpolated home-cage drinking. 
lwo additional analyses established 
that differences in test drinking be- 
tween Groups 24 and 48 were not due 
to differences in home-cage drinking 
that might possibly have emerged 
during the interpolated home-cage 
drinking sessions which both of these 
groups received during the testing 
An analysis of variance for 
group and session made on the first 


| re | eT. 


RESPONSES AND LEARNING 


4 


o---« 
3 FIRST 4 MIN 


7 
_ 


Oma 
‘e. 
“a 
~ 


“"O--@ 


™a. ° 


uw 


Nn 
—— 


SECOND 2 MIN 


+ 
—_ - 


7 


MEAN BP 


FIRST 2 MIN 





SESSIONS 


Fic. 2. Mean number of light-contingent 
bar presses averaged over running session 
triplets, for first 2 min., second 2 min., 
first 4 min., with ISI as the parameter 


and 


2 min. per session of the interpolated 


home-cage drinking for Groups 24 
and 48 showed that neither the main 
effect of Group (F = 1.96, df = 1/18) 
nor the Group X Session interaction 
(F = 1.61, df 8/144) attained the 
5% level. Likewise, an _ identical 
analysis made on total amount drunk 
per session over the period 
showed that neither the Group, nor 
the Group X Session interaction, at- 
tained the 5% level (/ < 1.00, both 
cases). In the analyses of 
drinking that the groups 
differed only in initial volume con- 
sumed in test drinking, and this in 
terms of rate of approach to the 
apparently common terminal drink- 
ing level. 
per 


same 


sul, 
showed 


Neither total consumption 
session in drinking, nor 
initial or total consumption in inter- 
polated home-cage drinking 
found to differ. 


Figure 2 shows mean bar press fre- 


test 
were 
quency plotted against sessions with 


ISI as the parameter ; separate curves 
are shown for the first 2-min., second 
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2-min., and first 4-min. intervals, all 
of which have been smoothed by 
plotting the data quasicumulatively 
(see Fig. 2 for exact method). An 
analysis of variance, summarized in 
Table 2, was made on bar presses in 
the first 4 min. for ISI and Session over 
the same sessions as were used in the 
analysis of initial test drinking, viz., 
Both Session and 
ISI main effects were significant, while 
their interaction failed to attain the 
5% level, indicating that, although all 
groups declined over sessions and at 
about the same rate, the absolute fre- 
quency of bar pressing varied directly 
with the ISI. 

An,analysis identical with the pre- 
ceding one was made on bar presses 
for the session rather than for the first 
4 min.; the Session main effect proved 
to be significant (F=7.83, df =6/162, 
P < .001), indicating that all groups 
declined in total bar presses over the 
first seven sessions, but neither the 
main Group effect nor the Group X 
Session interaction approached the 
5° level (F < 1.00, both cases). 
Final analyses were made for ISI on 
bar presses both in first 4 min. of the 
session and total session summed over 
the last seven sessions, the large num- 
ber of zero responders in these terminal 
sessions making a test for trend inad- 


first seven sessions. 


FABLE 2 


ANALYSIS OF VARIANCE FOR THE First 4 MIN. 
OF BAR PRESSING OVER 
SESSIONS 1-7 


Source 


Between Ss 
Interval (1) 
Error (b 

Within Ss 
Sessions (S 
ee 
Error (w 

Potal 


°P < 25 
**P < .001 
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visable. No differences were found 
either for bar presses in first 4 min. or 
for the session (F < 1.00, both cases). 

In sum, joint consideration of the 
drinking and bar press analyses bears 
out the hypothesis of an inverse rela- 
tion between frequency of the light- 
contingent bar press and rate of ap- 
proach to the terminal drinking level. 
(a) The groups differed in rate of in- 
crease in amount drunk in the first 4 
min. over the first seven sessions and, 
at the same time, in frequency of the 
bar press, there being a generally in- 
verse relation between mean _ initial 
amount drunk and mean initial bar 
press frequency; also, there was an 
over-all increase in initial drinking 
concurrent with an over-all decrease 
in initial bar pressing. (6) All groups 
increased in total amount drunk over 
the first seven sessions and at the same 
time, decreased in total frequency of 
bar pressing, and there were no re- 
liable differences between groups either 
in amount consumed per session or in 
bar press frequency per session. (c) 
All groups appeared to approach ap- 
proximately the same terminal drink- 
ing level both in initial and in total 
consumption, and correspondingly, all 
groups appeared to approach about 
the same terminal bar press level both 
in initial and total frequency. 


DISCUSSION 


Although the present results show a 
rather clear inverse relation between 
competing-response frequency and rate 
of change in the referent response, it may 
be asked whether ISI does not have 
additional effects upon learning inde- 
pendent of competing responses. Estes 
(1955), for example, would derive the 
present results for drinking, as well as a 
more general body of distributional 
learning phenomena, from a random 
stimulus fluctuation assumption in sta- 
tistical learning theory. Pennington 
and Thompson (1958), who found an 
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inverse relation between ISI and pattern 
discrimination learning, for ISIs identical 
with the present ones, ascribe the relation 
to a forgetting factor. 

However, in none of the evidence cited 
for the noncompeting response interpre- 
tations of the ISI learning relation does 
there appear to have been any measure- 
ment of competing responses, and, of 
course, failure to measure competing 
responses does not establish that they 
are not present. Judged by the occasions 
on which competing responses have been 
observed in the learning situation (e.g., 
Cotton, 1953; & Crawford, 
1958), as well as the occasions on which 
their presence has inferred to 
account for effects ranging from extinc- 
tion to the partial reinforcement effect, 
it may be concluded that learning situa- 
tions with, are decidedly more common 


Pereboom 


been 


than those without, competing responses. 
Further, though few learning situations 
contain the light-contingent bar press, 
its effect may be considered similar to 
that of the unmeasured competing re- 
sponses that are typically present. But 
if it is reasonable to assume that compet- 
ing responses are nearly ubiquitous, then, 
in order to consider whether they repre- 
sent a principal, if not sole, determinant 
of the ISI learning relation, it need only 
be considered whether the positive rela- 


tion between ISI and responses apt to 


enter the learning situation as competing 
is itself a general one. An 
answer to this question may be 


responses 


con- 
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tained in the fact that in two species 
and three have 
found no response, whose frequency is 
greatest on the first that does 
not vary directly with ISI (Premack & 
Bahwell, 1959; Premack & Collier, 1962 
The effect of the bar press on drinking 
is, however, onlv one side of the coin for 
there is, in addition, the effect of drinking 
on the bar press. Figure 3 presents a 
comparison of the bar press as it occurred 
in one case with, and in another without, 
the accompaniment of drinking. The 
right and left panels of Fig. 3 show mean 
light-contingent bar presses per 4-min. 
and 3-min. interval, respectively, aver- 
aged over the last 4 and last 6 sessions 
of series of 20 and 24 sessions, respec- 
tively; data in the left panel show the 
bar press without the accompaniment 
of drinking, and were taken from pre- 
vious results (Premack & Collier, 1962). 
In addition to substantially delaying the 
peak bar press frequency, the presence 
of drinking ultimately overcame the ISI 
effect, so that in the terminal sessions, 
which these data represent, differences 
between Groups 12, 24, and 48 were 
negligible. The reciprocal effects be- 
tween the bar press and drinking suggest 
that for at least some cases the two sides 


response systems, we 


session, 


may be de- 
following hypotheses. 
(a) Bar press on drinking: if the referent 
response has a higher independent rate 
(see Premack, 1959) than the competing 
response, its will be 


of response competition 
scribed by the 


asymptote unal- 
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fected but its rate of approach to asymp- 
tote will vary inversely with frequency 
of the competing response. (6) Drink- 
ing on bar press: if the referent re- 
sponse has a lower independent rate 
than the competing response, its asymp- 
tote will vary inversely, and its ap- 
proach to asymptote directly, with 


frequency of the competing response. 


SUMMARY 


The experiment was designed to test the 
hypothesis that the inverse relation between 
intersession interval and rate of learning may 
be due to a direct relation between ISI and 
frequency of those responses which seem most 
apt to enter the learning situation in the role 
of competing responses. Ina space containing 
both a light-contingent bar and a drinking 
tube, three groups of water-deprived rats 
(N = 10) were tested repeatedly at ISIs of 
12, 24, and 48 hr., respectively. Water 
deprivation interpolated 
home-cage drinking sessions, and measures 


was equated by 


were taken of both bar pressing and amount 
drunk. All groups approached about the 
same terminal drinking level, at a rate that 
was generally inversely proportional to their 
bar press frequency, which is in support of 
the hypothesis. 


DAVID PREMACK AND RICHARD 


T. PUTNEY 
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SKIN CONDUCTANCE LEVELS AND VERBAL 
RECALL! 


Rn. N. 


BERRY 


Indiana University 


In the present experiment the ques- 
tion is whether there are individual 
differences in skin conductance levels 
which are related to performance on 
a recall test. 
level may 
“activation” in 
of the organism. There is evidence 
that found by 
number of physiological measures, is 
related intraindividual variations 
in performance (Freeman, 1940; Sten- 
nett, 1957). Between Ss, however, 
the results could conceivably be dif- 
ferent, individual differences 
performance measures may 
by 


The skin conductance 
taken to 
at least 


be represent 


one sector 


“activation,” as a 


to 


since 
in not 
differing somatic 
states, i.e., levels of skin conductance, 
and conductance, on the other hand, 
may be generated by factors unrelated 
to performance. 


be generated 


Malmo 
that: “‘It 
measure 


has recently 
to 
‘moderate 
level’ has meaning only 


376 


1959, p 
important 


stated 

that the 
activation 
relative in 


is stress 
denoted by 
in not 


absolute terms) terms Comparisons 
are invariably of the within-individual, with- 
in-task kind This 
approach, unquestionably 
perien e by 
However, Malmo (1958) in an earlier paper 
looked with favor on Schlosberg’s (1954, p 
84) that: with 
transient changes, the PGR, has led to general 
neglect of the slow drifts in absolute level of 
conductance, despite the fact that the abso- 
lute level is the obvious correlate of general 


is a conservative 


motivated by ex- 


and technical considerations 


statement “Preoccupation 


It is not clear 


level of tension or activation.” 


'This research was carried out under 
Contract Nonr 908(03). R. C. Davis is the 
principal investigator under this contract 
\ supplementary grant was provided by the 
Graduate School of Indiana University. The 
author is indebted to R. C. Davis, K. Kveim, 


and F. Berry for advice and material assistance. 


) 


ftom whether he 
meant the statement to imply truly absolute 
value which would permit interindividual 
comparisons, or whether the intent was simply 
to place more emphasis on the slower changes 
in skin resistance. 


Schlosberg’s discussion 


Although the interindividual rela- 
tion has not been established, neither 
has it been disproven, and the present 
experiments are a venture to test it. 
The type of relation found within 
individuals has usually been the in- 
verted U curve showing maximum 
performance to occur with a moderate 
“activation” level. If there 
interindividual relation, one 
expect it to be of this type. 


is an 


might 


METHOD 


Subjects The 18 Ss of Exp. I were volun 
teer male students from the available summer 
session population. All except 1 or 2 Ss were 
paid on the basis of an hourly wage. The 32 
Ss of Exp. II were also male volunteers, but 
they were unpaid and they were taken from 
the author's elementary class. 

Apparatus and procedure The following 
description is appropriate for both experi- 
ments. Each S$ the experi- 
mental room in a straight-backed chair with 
a sma!l table in front of him. 
separated from the recording 
sound-reducing partition. After S was seated 
and that would not 
electric shock, the recording electrodes were 
attached. 

rhe electronic circuits for the apparatus 
with some modilications, are those described 
by Davis, Siddons, and Stout (1954). One 
set of electrodes provided leads to an electrical 
impedance plethysmograph; the data from 
this are preliminary, have no obvious relation 
to skin conductance or to performance, and 
are not discussed in this report. The palmar 
skin was measured 
by means of another ink recording amplifying 
system. Nonpolarizing 


was seated in 


The room was 
room by a 


assured he receive an 


resistance continuously 


zinc, manganese 


M4 
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Fic. 1. The log conductance level of the 
first minute of the 10-min. learning session 
plotted against recall score. 


dioxide, sodium chloride leads were placed 
on the left palm and upper left arm. Both 
skin areas were rubbed with alcohol before 
electrode placement, and the reference elec- 
trode on the upper arm was placed over a 
7 X 1} in. strip of 4 in. thick foam rubber 
dampened with saline solution. 

Following the electrode placement, S was 
given his instructions the equipment 
operator made preparations to record. The 
E, in the experimental room with S, informed 
the equipment operator when the instructions 
were completed; the task session was then 
initiated. 

The task.—The instructions to S were that 
he would be asked to memorize as many as he 
could of 30 paired associates. ‘These were 
the final 30 paired items from a list by Melton 
and Safier, published by Hilgard (1951). 
Each pair had been typed on a 3 X 5 in. 
card and the deck of cards had been shuffled 
before the experiment was begun; each S 
was presented with this same order. ‘The 
S was told, by means of sample cards that 
he would be required to recall the right-hand 
item of each of the 30 pairs when he was 
presented with the left-hand item. The latter 
was typed on another set of 3 X 5 in. cards 
and these had also been shuffled previous to 
the experiment; this shuffle determined the 
one order in which the cards were presented 
for the recall task. 

The S was told that during the learning 
interval, he would have 10 sec. to study each 
pair and a 10-sec. intercard interval. He was 
further told that there would be a 6-min. 
interval between the learning and the recall 
session, and that he would be given 10 sec 
to respond to each card in the recall period 
All cards were presented manually on a small 
table in front of S. 

Data analysis.—The midpoint 
each 1-min. interval from the beginning to the 


and 


values of 


end of the task were read from the skin 
resistance records. These values were then 
converted to log conductance. 


RESULTS AND DISCUSSION 


All of S’s verbal responses were 
recorded during the recall period and 
later divided into correct and incor- 
rect categories. The only problem 
in deciding about the correctness 
of a response were the cases where 
the response was not exact but was 
obviously some grammatical form of 
the correct word; these responses 
were scored as half correct. With this 
scoring procedure the range of scores 
was from 3 to 19 in Exp. I and 2 to 
24 in Exp. II. 

Following Exp. I, inspection of the 
data had indicated that simply di- 
chotomizing the group into Ss who 
scored better than 10 and those who 
scored 10 or less would be useful. 
All of the scores above 10 fell between 
the log conductance range of 1.1 
and 1.6; this was defined as the opti- 
mum range. A 2 X 2 contingency 
table for Exp. I was set up using the 
above cutoff points, but Fisher's 
exact test showed a_ nonsignificant 
trend for the high scores to fall in 
the optimum conductance range. 

The data of Exp. I looked suf- 
ficiently promising to justify a replica- 
tion with more Ss. The same cutoff 


24 Minute 17 
ExpIo 
20 Expile 


16 


Recail score 
o 
ee | 


> 
T 





log uw mhos 


Fic. 2. 


first 


The log conductance level of the 
minute of the recall (Min. 17 


session 


of the total experimental session) plotted 
igainst recall score, 





SKIN CONDUCTANCE 


points used in Exp. | were applied in 
a 2 X 2 contingency table for Exp. I 
and yielded an exact probability of 
observed frequencies of P < .01. 

The log conductances for the mid- 
point of the first minute of the recal/ 
period are presented in Fig. 2. Using 
the same cutoffs as for Min. 1 the 
recall period conductance values are 
also predictive of recall scores; the 
Fisher exact test gave a P < .05 for 
the data of Exp. II. The P values 
for both Min. 1 and Min. 17 
one-tailed, but, since the 
of outcome was predicted from Exp. 
[, this is an appropriate procedure. 


are 
direction 


The important finding is that recall 
scores can be predicted from a measure 
of the organism's state in the first minute 
of learning. This probably represents 
an adjustment to the total experimental 
situation which is at least partially 
accomplished before the recording can 
That this adjustment persists 
is evident in the high correlation (r,=.80 
for Exp. I and .87 for Exp. II) between 
the first 
minute of learning and the first minute 
of recall. 


be begun. 


conductance values of the 


The relation of skin resistance levels 
to recall clearly 
inverted U shape that 
viously found 
1957) to 
arousal) to 
tasks. 
timum 


scores suggests the 
has been pre 
1942; Stennett, 


activation or 


(Courts, 
level of 
performance in 


relate 
complex 
that 
not, in 


However, it appears 


ley els do 


Op- 
conductance 
many cases, insure a good performance. 
This latter finding must 
interpreted the 
the site of the reference electrode 
not 
considerably 


be cautiously 
because resistance at 
was 
have varied 
Since this 
resistance enters into the total resistance 
recorded, it be that the positive 
finding would have 
substantial if the 

resistance had been held constant. 


measured and could 


among 93s. 


may 


been even more 


reference electrode 
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SUMMARY 
skin 


experiments, the 


effort to relate resistance to 


two 


In an 
recall 
a replication of the first, presented male Ss 
with 30 pairs of meaningful words here 
were 18 Ss in Exp. I and 32 in Exp. II. Each 
pair of words was presented once for 10 sec 
with an interval of 10 sec. between pairs 
Following this, there 6-min. delay 
before the reordered 
presented, 10 sec. at a time. The S 
initially instructed to give as many of the 
right-hand 
guessing if he wished 
continuously recorded throughout the experi 
later 


scores, second 


was a 
left-hand items were 
was 
items as he could remember, 
Skin resistance was 


mental session and converted to log 


conductance. 
The data from 
levels of 


that 
skin conductance in the 


Exp. I suggested 
moderate 
first minute of the learning 
related to better recall This relation 
substantiated at a highly significant 
P < .01) in Exp. I]. It was also found that 
moderate levels of first 


session were 
was 


level 


conductance in the 


minute of the recall period were optimal 
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THE EFFECT OF STIMULUS SIMILARITY ON THE 
ACQUISITION AND EXTINCTION OF A 
CONDITIONED RESPONSE! 


DARWIN P. 


HUNT 


Behavioral Sciences Laboratory, Wright-Patterson Air Force Base, Ohio 


The research reported here was 
conducted in order to test two hy- 
potheses: (a) the acquisition level of 
a conditioned response (CR) is in- 
versely related to the similarity be- 
tween the conditioned stimulus (CS) 
and a nonreinforced stimulus which 
is presented randomly during the 
acquisition or training phase and (d) 
the resistance to extinction of the 
CR is positively related to the simi- 
larity between the reinforced and the 
nonreinforced stimulus. 


Consider the following situation: A 
50% partial reinforcement schedule is 
arranged in a conditioning 
situation so that a tone of 1967 cps is 
always followed, 500 msec. after its 
onset, by a shock UCS; another tone of 
1000 cps, randomly presented, is never 
followed by the UCS. Two other groups 
of Ss are similarly conditioned, with the 
nonreinforced stimulus being a 1967-cps 
or a 153-cps tone. 


classical 


Following acquisi- 
tion, all three groups are extinguished 
with the 1967-cps tone. 

It might be assumed that during the 
acquisition phase two opposing tenden 
cies are built up, one to respond and the 
other not to respond, to the 1967-cps 
tone. Each time a CS is reinforced, the 
tendency to respond to that CS (and 
other similar ones) is increased; each 

! This paper is based upon a dissertation 
submitted to the Psychology Department 
of the Ohio State University. The author 
wishes to express his appreciation to D. D. 
Wickens, under whose guidance this research 
was conducted, for making available the 
GSR conditioning facilities and techniques 
developed under National Science Foundation 
Grant No. G-6203 and to W. D. Chiles for 
his comments and criticisms. 


time a CS is not reinforced, the tendency 
not to respond to that CS (and other 
similar ones) is also increased. Although 
a number of curve forms have been 
proposed for the generalization gradient 
(Shepard, 1958), it will be assumed for 
predictive purposes that the tendency 
to respond (or not to respond) is a 
negatively accelerated decreasing func- 
tion of the psychological dissimilarity 
of a stimulus to the reinforced (or non- 
reinforced) CS (Hovland, 1937). 

Within this conceptual framework, 
the prediction concerning the relative 
differences among three such groups 
with regard to their acquisition level 
seems to be clear. Using the notation 
f Spence (1958), and ignoring drive, 
i.e., assuming it to be equal for all 
groups: 


H — 7, 


E represents the excitatory potential 
associated with the reinforced stimulus 

H is the habit strength associated with 
the reinforced stimulus. 

I, represents the generalized inhibitory 
potential associated with the reinforced 
stimulus. 


By assuming equal terminal levels of Jp, 
i.e., the inhibitory tendency associated 
with the nonreinforced stimulus, J, 
should decrease as the difference 
between the reinforced stimulus and 
nonreinforced stimulus increases. Then, 
if H is held constant, E would be pre- 
dicted to be greater with larger differ- 
ences between the reinforced 
and the nonreinforced stimulus. 

With regard to the difference among 
the three groups in terms of the resistance 
to extinction of the CR to the 1967-cps 
tone, the prediction is not so straight- 
forward. Humphreys (1939) found that 
resistance to 


stimulus 


extinction in a classical 
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partial reinforcement situation was 
greater under a 50% reinforcement 
schedule than it was under a 100% rein- 
forcement schedule. One could consider 
the 50% reinforcement situation as a 
discrimination learning task in which 
the nonreinforced stimulus is the same 
as the reinforced stimulus; while in the 
100% reinforcement situation, the non- 
reinforced stimulus is represented by 
the ‘“‘silence’’ or random stimulation 
occurring during the rest intervals. In 
this respect, then, these two situations 
the ends of a continuum of 
similarity of the reinforced stimulus to 
the nonreinforced stimulus, the 50% 
reinforcement situation representing the 
maximum similarity and the 100% 
reinforcement situation representing the 
minimum similarity the rein- 
forced stimulus and nonreinforced 
stimulus. 


represent 


between 
the 


the 
change involved in switching from the 
acquisition to the extinction phase is 


Secondly, apparent degree of 


greater for the S trained under a situa- 
tion having a wide difference between 
the reinforced and the 
stimulus. Also, wide 
the two stimuli 


nonreinforced 
differences be- 
would 


tween increase 


their discriminability during acquisition, 
which should serve to identify the stim- 
ulus which is followed by the reinforce- 


Both of 
greater apparent degree of change and 
the discrimination, would be 
expected to the direction 
of lowering the resistance to extinction. 
These two factors suggest that resistance 
to extinction, as related to stimulus 
similarity, should reflect the 
generalization gradient. 

Finally, Wickens and Snide (1955) 
found that the nonreinforcement of an 
element (a light or a tone) of a reinforced 
stimulus complex (a light and a_ tone 
presented simultaneously) increased re- 
The 


consistent in 


ment. these factors, i.e., a 
ease of 


operate in 


directly 


sistance of the CR to extinction. 
above considerations are 
suggesting that resistance to extinction 
is a decreasing function of stimulus 
dissimilarity, i.e., the greater the dif- 


ference between the reinforced and the 


nonreinforced stimulus, 
resistance to extinction. 


METHOD 


A total of 125 men and women 
from a beginning course in psychology served 
as Ss. Of these, 25 were eliminated for the 
following reasons: Procedural (14), 
S's skin resistance rose beyond a previously 
determined level during the acquisition trials 
(6), the intensity of the shock was too great 
for Ss to continue (3), and S failed to respond 
on all reinforced trials (2). The remaining 
100 Ss provided five groups, roughly equated 
with regard to sex, of 20 Ss each. 
jected Ss were distributed 
equally over the five groups. 

A pparatus.—The apparatus consisted of 
equipment for the presentation of a tone and 
a shock to S and for the measurement of the 
magnitude of the GSR accompanying these 
presentations. 

Any one of three tones could be selected by 
E for presentation to S through earphones. 
The three tones differed physically both in 
frequency and intensity, but all had a dura- 
tion of 600 msec. The frequencies were 
153, 1000, and 1967 cps. The intensities 
of the three tones were adjusted so that they 
were equal in loudness to 1 sone, re: mean 
absolute threshold, as measured at the ear- 
phones. The rates of onset and decay of 
the tones were controlled by an electronic 
switch. The rise time was reduced until a 
click, which would result from a too rapid 
onset of the tone, was eliminated. Later 
measurement of this rise time revealed it to 
be about 35 msec. 

Two shock electrodes were attached to S's 
right hand, one to the tip of the forefinger and 
the other to the palm. The duration of the 
shock was 100 msec The time interval 
between the onset of the tone and that of the 
shock was 500 mse« 

Procedure.—The 100 Ss were assigned to 
one of five groups on the basis of the order of 
their appearance for the experimental sessions 
and their pretest skin resistance level. Each 
S was given 10 reinforced trials during acquisi- 
tion and then 10 extinction trials. On extinc- 
tion trials, as well as nonreinforced acquisition 
trials, the shock was omitted. 

There were three experimental groups, 
each of which had 10 nonreinforced trials 
during the acquisition phase in addition to 
the 10 reinforced trials. These nonreinforced 
trials were randomly interspersed among the 
reinforced trials, with the following restric- 


Subjects. 


errors 


rhe re- 
approximately 
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tions: (a4) No more than two reinforced or 
nonreinforced trials could occur consecu- 
tively, and (6) the first and last acquisition 
trials (Trials 1 and 20) were reinforced and 
Trial 19 was not reinforced. The pattern of 
reinforcement-nonreinforcement was the same 
for all three experimental groups. The pri- 
mary difference among these three groups 
was the similarity of the nonreinforced stim- 
ulus to the reinforced CS, the 1967-cps 
tone. Group E-75 was given the 153-cps 
tone, another Group E-25 was given the 1000- 
cps tone, and Group E-0 was given the 1967- 
tone the nonreinforced stimulus. 
These tones were selected because they are 
75, 25, and 0 jnd’s, respectively, removed 
from the reinforced CS (Hovland, 1937). 

The other two groups served as control 
groups and were given only the 10 reinforced 
trials during the acquisition phase. In 
Group C-M the average intertrial intervals 
were equal to the average intertrial intervals 
of the three experimental groups. In Group 
C-S the intertrial intervals were equal to the 
intervals between reinforced trials of the 
experimental groups. 


cps as 


The intertrial intervals, measured between 
the onsets of successive presentations of the 
CS, were 25, 40, 55, or 70 sec. for all groups 
except Group C-S. These durations were 
randomly assigned to the 19 acquisition inter- 
trial intervals of the three experimental 
groups and to the 9 extinction intertrial 
intervals. The interval between the final 
acquisition trial and the first extinction trial 
was 40 sec. 

Upon the appearance of each 5S, a set of 
standardized instructions were read to him. 
After placing the GSR and shock electrodes 
on his hands, and the earphones over his 
ears, the 1967-cps tone was presented alone 
three times at 25-sec. intervals. 

Immediately following the presentations 
of the tone, the voltage of the shock was ad- 
justed according to the skin resistance level 
such that the amperage delivered to all Ss 
was generally equated. The shock was then 
administered three times at 15-sec. intervals. 
In an attempt to compensate for the adapta- 
tion of S to the shock, the amperage was 
increased from approximately 1.5 to 2.5 ma. 
in 0.1-ma. increments over 
forced trials. 


successive rein- 


The base level skin resistance was deter- 
mined to the nearest 200 ohms 70 sec. after 
the third administration of the pretest shock. 
According to his base level, each S was as- 
signed to one of four classes: 0—28,000 ohms; 
28,200—39,000 39, 200-50, 800 


ohms; ohms; 
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and above 51,000 ohms. In the final design, 
each of the three experimental groups and 
each of the two control groups contained 5 
Ss in each class. Following this assignment, 
the acquisition and extinction trials were 
administered. 

Response measures.—Two measures of 
response were employed. Log conductance 
(LC) values were computed as given by: 


)to® 4 i| 
ox ( Ra Ro | 


is the skin resistance (in ohms) im- 
mediately before the presentation of the 
CS. 

R, is the minimum skin resistance reached 
after the presentation of the CS and/or 
UCS. 

Conditioning Index (C1) scores were obtained 
by the equation: 


R, 


LC 


10 rE 1 
> log ( —-< ) 07 + | 
rel og R. Rd! 


where the numerator is the LC value for a 
particular trial and the denominator is the 
mean log conductance for a particular S 
for the last seven reinforced trials. Thus, 
a denominator was computed for each of the 
100 Ss. Analysis of the LC values on these 
seven reinforced trials for the three experi- 
mental groups indicated no difference among 
the groups. 


RESULTS 


The means of the Cls during ex- 
tinction as a function of trials are 


shown in Fig. 1. The differences in 
CIs among Groups E-0, E-25, and 
E-75 on the first extinction trial were 
evaluated by the Kruskal-Wallis one- 
way analysis of variance by ranks 
test (Siegel, 1956, p. 184) and found 
to be nonsignificant (.20 > P > .10). 

The experimental design is such 
that three main variables are involved 
in the extinction phase: groups, base 
levels, and trials. Any particular S 
was included in only one group and 
one base level but was administered 
all 10 extinction trials. This design 
permits an analysis of the data by 
Lindquist’s (1956, p. 281) Type III 
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analysis of variance design. The Cls 
during extinction were subjected to 
such an analysis. The statistical 
test that is crucial to the extinction 
hypothesis is the Group X Trial in- 
teraction. This interaction was sig- 
nificant (P < .05) whether all five 
groups or only the three experimental 
groups were included in the analysis, 
indicating that the rate of extinction 
was not the same for the different 
groups. 

The fact that this interaction is 
significant and the observation that 
the relationship between the mean 
CIs and trials is approximately linear 
for all groups (Fig. 1) suggest that 
it would be appropriate and meaning- 
ful to fit a linear equation to the data 
for each group. A similar set of 
equations was computed using the 
LC values. 
these equations provide a quantita- 
tive estimate of the rate of extinction 
for each group. 

The difference in linear trends 
among the three experimental groups 
based on the LC values was tested 
by computing a slope constant for 
each S in these groups and subjecting 


The slope constants in 


GROUP E- 


GROUP C- 


MEAN Cl SCORE 








7-8 9-10 


5-6 
TRIALS 


1-2 3-4 


iG. 1. 


Ihe mean CI scores during extinction 
as a function of trials. 


~~ 


RESISTANCE TO EXTINCTION 
(SLOPE CONSTANT) 


° Cl SCORES 
@—e LOG CONDUCTANCE 


A— + 
25 50 75 CM CS 
J.N.D. SEPARATION BETWEEN 
THE REINFORCED AND NON- 
REINFORCED CS. 





Fic. 2. Resistance to extinction as a 
function of the similarity between the non- 
reinforced and the reinforced stimulus. 


the resulting three arrays to Jonck- 
heere’s (1954) k-sample test. This 
yielded a z value of 2.17 which is 
significant (P < .05). 

These data can best be summarized 
by a plot showing the relationship 
between the slope constants and the 
stimulus similarity (Fig. 2). 


DISCUSSION 


In the initial portion of this paper two 
predictions were made; decreased simi 
larity of the nonreinforced stimulus to 
the reinforced CS will 
higher terminal acquisition 
response to the previously reinforced 
CS and (6b) lower this 
response to extinction. If the CI on 
the first extinction trial is an adequate 
index of the terminal acquisition level, 
and there is no apparent why 
this should not be the case, then support 
for the first prediction is lacking. Thus, 
a simple algebraic summation of these 
two tendencies, a_ positive 
tendency associated with the reinforced 
stimulus and a negative response tend- 
ency associated with the nonreinforced 
stimulus, appears to be inadequate. 


result in (a) 
levels ol 


resistance of 


reason 


response 
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Other studies (Honig, Thomas, & Gutt- 
man, 1959) also have failed to obtain 
results supporting a simple summation 
hypothesis. This could be accounted 
for in several ways, in addition to the 
inadequacy of the Hullian 
theory in this situation. One possibility 
is that the number and/or ratio of rein- 
forced and _ nonreinforced acquisition 
trials was such as not to permit dis- 
criminating responses to develop. 

With regard to the prediction that 
decreased similarity between the rein- 
forced CS and the nonreinforced stim- 
ulus should result in less resistance to 
extinction, positive support has been 
obtained. The significant (P < .05) 
Trial X Group interaction is consistent 
with this prediction. Using the slope 
constant, m, in the equation y = mx + b, 
as an index of resistance to extinction, 
i.e., the less negative the slope constant 
the greater the resistance to extinction, 
it can be seen in Fig. 2 that there is 
considerable agreement between the 
experimental findings and the original 
prediction. Using either the CI or LC 
values as the basis for the computation 
of the slope constants, results are ob- 
tained which are compatible with the 
original expectations. 
stants based upon the mean LC values, 
however, produce a response gradient 
that more closely conforms to the original 
hypothesis than do those based upon the 
Cls. 

The data suggest that the relative 
resistance to extinction of a CR to a 
“‘partially’’ reinforced CS can be pre- 
dicted directly from knowledge of the 
generalization gradient involved. These 
results are compatible with the view 
that as the nonreinforced stimulus, in a 
discrimination learning task, becomes 
more similar to the reinforced stimulus, 
a classical partial reinforcement situation 
is increasingly approximated. The con- 
sequences of this are reflected in 
increased resistance to extinction. 


possible 


The slope con- 


an 


SUMMARY 


This study was designed to investigate the 
effects of the similarity between a reinforced 


P. HUNT 


and a nonreinforced stimulus on the acquisi- 
tion and extinction of a conditioned GSR. 

Five groups of 20 Ss each were given 10 
reinforced acquisition trials consisting of a 
1-sone, 1967-cps tone followed by a mild 
shock. Three of the groups were presented 
10 nonreinforced trials randomly interspersed 
among the reinforced trials during acquisi- 
tion. The treatment of these three experi- 
mental groups differed with respect to the 
similarity of the nonreinforced tone to the 
reinforced tone: 0, 25, or 75 jnd’s separation. 
The other two groups were given no nonrein- 
forced acquisition trials and differed from each 
other with respect to the duration of the 
intertrial intervals. Immediately following 
the acquisition phase, all Ss were given 10 
extinction trials. 

The basic response measures of changes in 
skin resistance were transformed into log 
conductance values and Conditioning Index 
(Cl) scores for purposes of analysis. The 
transformation into CI scores tends to com- 
pensate statistically for the general ‘‘respon- 
siveness”’ of the individual Ss. 

No systematic relationship between the 
terminal acquisition level, as measured by 
the response on the first extinction trial, 
and stimulus similarity was found. How- 
ever, a significant interaction between groups 
and trials during extinction was observed. 
The direction of this relationship was as 
predicted, i.e., the greater the similarity be- 
tween the reinforced and _ nonreinforced 
stimulus the greater the resistance to extinc- 
tion. It is suggested that this latter finding 
relates the concept of partial reinforcement 
to discrimination learning, i.e., as the non- 
reinforced stimulus in a discrimination task 
becomes more similar to the reinforced stim- 
ulus, a classical partial reinforcement situation 
is increasingly approximated. 
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EVIDENCE FOR SHIFT EFFECTS IN THE 
CONSUMMATORY RESPONSE ! 


DAVID PREMACK anp W. 


A. HILLIX ? 


University of Missouri 


The experiments reported here con- 
cern the effect of shifts in magnitude 
of sucrose concentration upon the 
mean rate of licking. The sucrose 
was presented directly, rather than 
being contingent upon a bar press, 
run, or choice, as in previous work 
(e.g., Collier & Marx, 1959; Crespi, 
1942; Elliott, 1928; Young & Shuford, 
1954; Zeaman, 1949): if the informa- 
tion sought is the effect of successive 
experiences with different stimuli, the 
tests suit the simplicity of the question 
to the extent that they avoid problems 
inherent in the instrumental response, 
and present the test stimuli 
directly as possible. Further, the use 
of an instrumental response in previ- 
ous work apparently diverted meas- 


as 


urement to that response, for while 


previous work involved shifts in 
magnitudes of food or liquid, 
imneasures appear to have been taken 


of S's response to the food or liquid.' 


ho 


'The research reported here was begun 
during the tenure of both D. Premack and 
W. A. Hillix as United States Public Health 
Service Postdoctoral Research Fellows, and 
was completed with the support of Grant 
M-3345 from the National Institute of Mental 
Health. 

2 Present address: Navy Electronics Labo- 
ratory, San Diego, California. 

3 A few studies measure lick rate as a func- 
tion of sucrose concentration, but asa 
function of changes or shifts in sucrose con- 
centration. A study by Davis and Keehn 
(1959) treated momentary lick rate as a func- 


not 


tion of sucrose concentration on a within-S 


basis; no differences in momentary lick rate 
were found. Momentary consummatory 
rates in the rat appear to be largely constant 
(e.g., Stellar & Hill, 1952); in this article only 
mean consummatory rates are reported, and 
these may be considered to reflect mainly 
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METHOD 
The 


sexes, 


Subjects. Ss were 36 hooded rats 
of both 150 days old, from the 
{ niversity of Missouri colony. They were 
housed individually and maintained on ad lib. 
dry Purina chow and water, except for a daily 
3-hr. period immediately preceding the test, 
when both food and water were 
from home cage. 


Ca. 


removed 


A pparatus.—Apparatus consisted of a set 
of six adjoining boxes, each with a hole in the 
wall into which a drinking tube was 
inserted. Boxes were 7 X 7 X 9} in., built 
of wood except for hardware cloth floor and 
rear wall, and were painted flat black on all 
wood sides. Drinking tubes were modified 
50-ml. burettes, with apertures of about 6 mm. 
inner diameter. <A circuit connected to each 
tube was so arranged that each time S's 
tongue contacted the fluid a minute current 
passed through S's body, activating a counter. 
Counter readings were taken at 
intervals. 


rear 


1-min. 


Design.—Six were formed 
factorially combining three concentrations 
of sucrose (4%, 16°, 32° by weight) and 
drinking sessions of two durations (2 and 15 
min.). The Ss were randomly assigned to 
the six groups with the restriction of equal V 
and like division of the sexes. 

Procedure.—Testing consisted of two 20- 
day periods. In Period 1, each S received 20 
daily sessions on either 4, 16, or 32°) sucrose, 
a session lasting either 2 or 15 min. A shift 
to 32% was made on Day 21, so that in 
Period 2 all Ss received 20 daily sessions of 
32, sucrose, a session lasting either 2 or 15 
min. as before. The Ss were run in squads of 
six, with each of the six conditions represented 
in each squad, and with concentration and 
session-duration counterbalanced for ap- 
paratus. Following Period 2, two additional 
tests were run on the 15-min. groups, and 
these are described separately in the results 
section. Sucrose solutions were prepared on 
alternate days from commercial granulated 
sugar and distilled water. 


groups by 


variation in either burst length or interburst 
interval. 
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RESULTS 


Total licks per session.—I\n Fig. 1 
mean lick rate per minute averaged 
over successive blocks of five sessions 
is plotted against blocks with sucrose 
concentration as the parameter; the 
upper and lower panels are for the 
groups receiving 2-min. and 15-min. 
Total licks 
made in the last five preshift sessions 
(Days 16-20) and first (Days 21-25) 
and last (Days 36-40) five postshift 
sessions were computed for each 5S, 
and analyses of variance were made on 
data for and 
Separate analyses were made 
2-min. 15-min. groups 
summarized in 


sessions, respectively. 


these concentration 
period. 
for the 
and the 
Table 1. 
For the 15-min., but not for the 
2-min., groups both the main effect 
of Period and the Period K Concen- 
tration interaction significant. 
Although Fig. 1 the ordinal 
relations of the postshift (but not 


and 
latter is 


were 
shows 


preshift) results for the 2-min. groups 
the 
for the 15-min. groups, no significant 


to be essentially those 


same as 


6-30 3-35 36-4 


Fic. 1 
aged over 
with 


Me il 


successive blocks of 


lick rate per minute aver- 
five 
concentration (Days 1-20 
Days 21-40 


ls for groups receiving 


sessions 
and_ shift 
in concentration as parametefs ; 
upper and lower pane 


2- and 15-min. sessions, respectively 


PHE CONSUMMATORY 


RESPONSE 


TABLE 1 


ANALYSIS OF VARIANCI 
FOR 


oF 15 Min. Groups, 
Porat LICKS PER SESSION 


a 
~ 


MS 


Source 


_ 


we 
-rmauwnmnar 


Between Ss 
Concentration (C) 
Error (b) 

Within Ss 
Period (P 
cCxPFP 


Error (w) 


2,106,164 
777,961 
446,347 
563,861 
247,667 
860,051 
909.085 


_ 


“Ish bo 


w 


*P <.001 

found for the 2-min. 
groups, and the rest of this section 
concerns the 15-min. groups only. 

In the preshift period (Days 16-20), 
when each group received either 4, 
16, or 32°, there was an inverse rela- 
tion between concentration and total 
licks per session, and differences be- 


effects were 


tween all pairs of concentrations were 
significant at the 5° level or better. 
Shifting the 4 and 16° groups to 32°; 
produced a decrement in total licks 
per the decrement being 
greater for the 4°% than for the 16°; 
group. In the first postshift period 
(Days 21-25) there were no significant 
differences between any of the pairs 
of groups, but in the last postshift 
period (Days 36-40) only the differ- 
ence between the original 16°; 
32°) groups failed to attain the 5°; 
level. Thus the decrement in total 
licks per session produced in the 4 and 
16% groups by a change to 32°, 
was not transient, but rather, in- 
creased from the first 5 to the last 5 
postshift days. 

Lick rate in first 2 
son of the 2-min. and 15-min. session 


session, 


and 
if 


min.—-Compati- 
groups was made by considering licks 
for the first 2 min. of the session only 
over the same periods as in the pre- 
An analysis of vari- 
ance was made for session-duration 
(D) (2- vs. 15-min. 
centration (C), 


ceding analysis. 
groups), con- 


intrasession interval 
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(1) (Ast and 2nd min.), and period 
(P). The only term involving D that 
proved to be significant was the 
P x C X D X I interaction (F = 6.6, 
‘df = 4/10, P < .001). 

The significant over-all Period 
X Concentration interaction (F=4.9, 
df =4/30, P<.005), which is plotted 
in Fig. 2, confirms for first 2-min. 
lick rates what was earlier shown for 
session lick rates: the 32% control 
increased over periods while both 
shift groups declined; also, the curve 
for the 32°, control 
that, despite 20 preshift sessions, 
asymptotic licking had not 
attained when the shift occurred. 

Immediate shift effects.—Although 
the ultimate shift effects were decre- 
mental, immediate shift effects, oc- 
curring upon S’s first exposure to the 
new sucrose values, were incremental ; 
the increments were obscured by the 
preceding analyses, concerned as they 
were with periods effects, but are 
shown by an analysis of lick rate in 
the first minute. A stabilized esti- 
mate of first-minute lick rate for the 
original concentrations was obtained 


makes it clear 


been 


16%0—— > 
e 


SHIF T * 
32% 


I6-20 21-25 36-40 
SESSIONS 


4%@ ° 


32%@ 


MEAN FIRST 2 MIN. LICK RATE 


Fic. 2. Mean first 2-min. lick rate for 
designated blocks of five sessions with con- 
centration (Days 16-20) and shift in concen- 
tration (Days 21-25 and 36-40) as param- 
eters; 2- and 
bined. 


15-min. session groups com- 


AND W. A. HILLIX 


200; 32%0-— 


| 42° 
15} SHIFT 
¢ 32% 


ol 


MEAN FIRST-MIN. LICK RATE 


16-20 21 
SESSIONS 


Fic. 3. Mean first-minute lick rate for 
designated sessions with concentration (Days 
16-20) and shift in concentration (Days 21 
and 40) as parameters; 2- 15-min. 
session groups combined 


and 


by averaging over the last five pre- 
shift (Days 16-20); these 
were compared with first-minute lick 
rate in the first (Session 21) and last 
(Day 40) postshift sessions, respec- 
tively. As is shown in Fig. 3, where 
first-minute lick rate is plotted for 
the above sessions with concentration 
as parameter, on the first shift-session 
there was a decided increase in both 
the original 4 and 16°%% groups, greater 
than the increase in the 32° control, 
and greater in the 4% than in the 16% 
group. The increment was transient, 
however, and, as is shown in Fig. 3, 
by Day 40 had become a decrement, 
both shift groups being then below 
the control. An analysis of variance 
made on these data for concentration, 
session duration, and period (as de- 
fined above), showed that both the 
main effect of Period (F = 4.03, 
df = 2/60, P < .025) and the Period 
X Concentration interaction (F=3.98, 
df = 4/60, P < .01) were significant, 
that the order of 
groups changed over periods, 


sessions 


confirming the 
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Permanence of shift effects—To obtain 
further evidence as to the long-term stability 
of the shift effects, two further tests were run 
on the 15-min. groups. Following 
Day 40, testing was discontinued for a period 
of 28 days. During this period, Ss were 
maintained ad lib., neither food nor water 
being removed from home cage in the daily 
3-hr. period as had been the case. Following 
the 28-day rest, Ss were given 12 daily 15- 
min. sessions on the 32% solution as before. 
On the first postrest session, the groups did 
not differ in total licks per session, mean 
total licks for the original 4, 16, and 32° 
groups being: 546, 577, and 568, respectively. 
However, from the session on the 
groups differed as before, mean total licks 
averaged over the 12 postrest 
the 4, 16, and 32°), groups being: 381, 550, 
and 686, respectively 


session 


second 
sessions for 
An analysis of vari- 
ance on these data for total licks per session 
over the 12 showed that 
the groups differed significantly (F = 6.77, 
df = 2/15, P < .01 
\ second test 


15-min 


summed sessions 


was performed upon the 
groups to 
effect of a change in food maintenance. All 
Ss were changed from the previous near ad 
lib. maintenance to a 23-hr. food deprivation 
schedule. After 3 days of the feeding schedule 
during which testing was suspended, Ss were 
given six daily 15-min 


session determine the 


sessions on the 32% 
as before, the feeding schedule being main- 
tained over the 6 test days. From the first 
Mean 


16, and 32° groups for 


session the groups differed as before. 
total licks for the 4, 
the first session and averaged over the six 
were: 729, 963, and 1,140; first 
and 893, 1,020, and 1,416, all six 
sessions An analysis of variance on these 
data for total licks per session summed over 
the six sessions showed that the groups dif- 
fered significantly (F = 8.92, df = 2/15, 
P < 01). Thus the follow-up tests showed 
that the decremental shift effect was (a) 
recoverable after 28 days of no exposure to 
the test stimulus, and (6) maintained after 
transfer from near ad lib. maintenance to a 
23-hr. food deprivation schedule. 


sessions 


session, 


DISCUSSION 


The results serve to establish that 
consummatory responding is itself sub- 
ject to shift phenomena, that the mean 


rate at which sucrose of a given concen- 


tration is licked depends in part upon 
previously experienced stimulus values. 
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The traditional generalization concern- 
ing shift effects would appear to be that 
their direction, particularly, and propor- 
tional magnitude to a lesser extent, are 
predictable from the stimulus scale as 
such. That is, changes in a positive direc 
tion on the stimulus scale are thought to 
produce positive response changes—over- 
and negative stimulus changes 
to produce negative response changes 
undershooting. 


shooting 
However, the present 
data do not accord with this expectation 
for a positive stimulus change resulted 
in a negative response change: groups 
shifted from 4 and 16% to 32% performed 
below the 32 w// control. 

The impression that shift effects have 
a directional correspondence with the 
stimulus scale may be the 
generally positive correlation 


result of a 
between 
stimulus values and response probabili 
ties and, in fact, not the stimulus value, 
may be 

If so, 


Cases 


but the response probability, 
the actual basis for prediction. 
this could be determined only in 
where the stimulus and response values 
were not in perfect positive correlation 
Such a case is provided by the present 
sucrose data for, as shown in Fig. 1, there 
was a perfect inverse relation between 
and mean licks 
In the light of this, it is 
of interest that the sucrose data can be 
described as follows: shifts from stimuli 
higher 
frequencies to those of lower mean re 


sucrose concentration 


for the session. 


associated with mean response 
sponse frequencies resulted in negative 
Though, of course 
it is conjectural as to shift 


effects have a directional correspondence 


response changes. 
whether 


with a scale of response probabilities, 
it is nevertheless evident that traditional 
assumptions concerning the stimulus 
scale will not mediate the present sucros« 


results. 


SUMMARY 


Mean lick rate was studied as a function 
of changes in sucrose concentration. Rats 
given repeated 15-min. free drinking sessions 
on 4 and 16% sucrose, when shifted to 32°, 
showed immediate but transient 
incremental shift effects in first-minute lick 
rate, followed by long-term decremental shift 


sucrose, 
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effects in both first-minute and session lick 
rates. The decremental effects did not abate 
over 20 daily sessions, and were not removed 
either by absenting Ss from the test stimulus 
for 28 days or bya change in food maintenance. 
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REACTION TIME AS A MEASURE OF INTERSENSORY 
FACILITATION ! 


MAURICE HERSHENSON ? 


Brooklyn College 


In measuring reaction time (RT) 
to simultaneously presented stimuli, 
Todd (1912) found facilitation when 
sound and electric shock were paired 
but no effect when light was paired 
with either sound or shock. These 
results may be understood using the 
scheme suggested by Hilgard (1933) 
to account for facilitation of the eye- 
blink reflex. Hilgard used light and 
sound stimuli slightly offset in time 
and found that the magnitude of the 
eyeblink to sound was augmented 
when the light preceded the sound 
by intervals of 25 and 50 msec. Thus, 
he maintained, there was a summation 
of “reaction when the 
stimuli were presented at an interval 
equal to the differences in the laten- 
cies of their respective responses. 
Since the latency for light is greater 
than that for sound, the light must 
precede the sound in order for “‘re- 
sponse tendencies’ to 
taneously. 


tendencies” 


occur simul- 


Indeed, Hilgard suggests 
that the difference between the laten- 
cies for the single stimuli may be the 
point of maximum facilitation. 


When 


studies 


these two 
coherent picture. 
Since sound and shock yielded very 


taken together 
present a 


1 This study was based on a thesis pre- 
sented to the Department of Psychology of 
Brooklyn College, in partial fulfillment of the 
requirements for the master’s degree. The 
author is indebted to Elizabeth Fehrer and 
David H. Raab for their 
assistance throughout the 
investigation. 


and 
this 
This research was supported, 
in part, by grants from the National Institute 
of Neurological Diseases and _ Blindness 
(B-1028) and the National Science Founda- 
tion (G-6456). 
2 Now at Yale University. 
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course of* 


similar RTs, no stimulus onset asyn- 
chrony (At) was necessary for simul- 
taneity of response tendencies to result 
in facilitation. Similarly, facilitation 
should not have been expected for 
light and sound or light and shock 
when presented simultaneously since 
light yielded much longer RTs than 
either sound or shock. 

The experiment to be reported was 
designed to study the effects of stimu- 
lus onset asynchrony on RT to paired 
light and sound stimuli. According 
to the above analysis, facilitation 
should be expected when the light 
and sound stimuli are offset in time 
by an amount approximately equal 
to the difference between the RTs 
to the single stimuli. The RT to this 
presentation should be faster than 
to either stimulus alone and the 
maximum effect should occur when 
At equals the difference between the 
RTs to the stimuli when presented 
singly. Since stimulus intensity is an 
important determiner of RT to single 
stimuli, variation of intensity might 
also effect facilitation. This was 
another variable used in the study. 


METHOD 


Light.—The light stimulus was produced 
by pulsing a glow modulator tube (Sylvania 
R-1131C) in the plate circuit of a 6L6 vacuum 
tube with rectangular pulses from a Tektronix 
pulse generator. The glow modulator tube 
was mounted in a light-tight box with a circu- 
lar aperture, 1 cm. in diameter, directly in 
front of the tube. The light was diffused over 
a ground glass plate placed in front of the lamp 
and pressed against the inside front face of the 
box. The aperture, viewed binocularly from 
a headrest 50 cm. away, subtended 1° 10’ 
of arc. 
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TABLE 1 
MEAN RTs (MsEc.) FoR SuBJEcT SR 


Stimulus 


Light 


Mean 


Light & Sound 


Light & Sound 
Minus At 
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Note.—Stimuli: L & S; L — S = 49.8 msec. Each cell mean was based on 72 RTs. 


Two luminances were used covering two 
log units. The unfiltered stimulus (L) was 
approximately 3000 ft-L as measured by a 
Macbeth illuminometer at the ground glass 
plate. An ND 2 Kodak filter was inserted 
between the glow modulator tube and the 
ground glass screen to produce the weaker 
stimulus (1). Light flashes were all 250 msec. 
in duration. A white cardboard ring, .75 cm. 
wide and 6.5 cm. in outside diameter, sur- 
rounded the stimulus aperture and served as 
a fixation device. 

Sound.—A noise burst of 50-msec. dura- 
tion was presented by closing a high speed 
relay with pulses from another Tektronix 
pulse generator. This stimulus, produced by 
a Grason-Stadler noise generator (Model 
455B), was delivered through an audio 
amplifier to a set of Telephonics headphones. 
Two sound levels were used for both Ss. The 
sensation levels corresponding to these in- 
tensities were 95 db. (S) and 75 db. (s) for 
Subject SR, and 85 db. (S) and 65 db. (s) 
for Subject MH. 

Timing.—Both pulse generators were 
triggered from a Tektronix wave-form genera- 
tor which allowed for the introduction of 
stimulus onset asynchrony. All critical 
timing functions depended on voltages which 
were regulated to better than 0.1%. All 
durations and time intervals were checked 
by means of a Berkeley counter (Model 7350). 
The RTs were measured by the counter to 
+1 msec. For Subject MH, the counter was 
started by the light pulse for all measure- 
ments. For Subject SR, the counter was 
started in a similar manner except for the 
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sound RT where the sound pulse triggered 
the counter. In all cases, the counter was 
stopped when S depressed a normally closed 
telegraph key. 

Procedure.—The S was seated in a sound- 
proof and lightproof room which was dimly 
illuminated from above and behind S by a 6- 
v. lamp enclosed in a light-tight box with a 
5.5-cm. circular opening covered with several 
sheets of tissue paper. The luminance at the 
paper surface measured 22 ft-L. This lamp 
was 120 cm. from the ground glass plate. 

Each trial was introduced by a 1000-cycle 
warning tone lasting 1 sec. which was de- 
livered through a loud speaker in the chamber. 
This was followed by one of three silent fore- 
periods of 2, 2}, or 24 sec. selected according 
to a previously recorded random order. The 
stimulus was presented at the end of this 
foreperiod. The entire sequence was con- 
trolled by Hunter decade interval timers 
connected to present one trial every 13 sec. 

A block of trials consisted of 20 reactions 
to a particular stimulus. Three blocks 
light alone, sound alone, and the combination 
of light and sound with a particular preset 
asynchrony—made up a series. Two series 
were given in each session which lasted for 
approximately 1 hr. The sequence of the 
blocks was changed from series to series. 

Each session began with 5 min. of dark 
adaptation. Four practice trials were given 
before each block and a 2-min. rest period 
was given between blocks. The S was in- 
structed to respond as quickly as possible 


to the first stimulus perceived. Introspective 
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reports indicated that for all asynchronies 
the stimuli seemed ‘‘simultaneous.”’ 

The longest and shortest RTs for each 
block were discarded leaving 18 RTs per 
block. Each asynchrony was tested over 
two sessions (i.e., four blocks per condition) 
which yielded a total of 216 RTs (72 light, 
72 sound, 72 light-sound). 

Subjects.—The Ss were one undergraduate 
student (SR) and the author. Both were well 
practiced. 

RESULTS 


Table 1 contains mean RTs and 
SDs for Subject SR. The values of 
asynchrony indicate the amount by 
which the light preceded the sound 
for the pair RTs. In no instance did 
the sound precede the light. 

The small differences in the mean 
RTs to light alone and sound alone 
reflect day-to-day variations. RTs 
to the light-sound pairs were measured 
from the onset of the light. If these 
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means represented responses to the 
sound alone (no facilitation) we would 
expect the RT to increase by the 
amount that the light preceded the 
sound (At). The values should get 
progressively larger therefore, until 
the point where the RT to the com- 
bination equals the RT to light. 
The means should then remain fairly 
constant. 

Values for RTs to the light-sound 
pairs minus the asynchrony indicate 
response latencies as if measured from 
the onset of the sound. Evidence 
for facilitation can be seen at those 
asynchronies where the RT to light- 
sound measured from the onset of the 
light is faster than to light alone and 
RT to light-sound measured from the 
onset of the sound is faster than to 
sound alone. 

Figure 1 shows the curves of facili- 
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Facilitation as a function of stimulus onset asynchrony. 
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tation as a function of asynchrony. 
These were derived from Table 1 and 
similar tables for Subject MH in the 
following way: first, overall means for 
all sessions were obtained for the RTs 
to light alone and sound alone (the 
best estimate of the RTs). The dif- 
ference between these means is repre- 
sented on the graphs as a vertical 
dashed line. Comparisons to the right 
of this line were made to light alone 
and those to the left of the line were 
made tosound alone. All comparisons 
were made using mean RTs which 
were obtained during the same ses- 
sions thereby minimizing the effects 
of practice and day-to-day variability. 

Ordinate values were obtained sim- 
ply by subtracting the RT to the pair 
from that to the single stimulus in 
accordance with the scheme outlined 
above. Thus a zero difference indi- 
cates no effect, a positive value indi- 
cates facilitation, and a negative value 
indicates inhibition. Fiducial inter- 


vals (P = .05) were calculated sepa- 


rately for each single RT mean with 
which comparisons were made at each 
asynchrony. The extent of each in- 
terval is indicated above and below the 
zero facilitation baseline. 

It is evident that RT to paired light 
and sound stimuli can be facilitated 
by the introduction of stimulus onset 
asynchrony. All four curves indicate 
that the facilitation was a U shaped 
function of stimulus asynchrony with 
maximum facilitation in the region 
of the point at which the asynchrony 
is equal to the difference between 
the RTs to the single stimuli. These 
results are with our 
hypotheses. 


consistent 


Individual differences are easily 
noted by comparing the curves for 
the most intense stimuli for 2 different 
Ss (Fig. 1, a and b). The fact that 
the RTs to the same single stimuli 
were different for the 2 Ss is reflected 
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in the shift of the dashed line. A 
more important but less understand- 
able shift was observed for Subject 
SR who showed maximum facilitation 
a full 15 msec. after the point of 
“physiological simultaneity.”” Thus 
for the same physical stimuli, RTs 
for the 2 Ss were differentially affected 
by stimulus asynchrony whereas the 
magnitude of the facilitation was quite 
similar. 

A comparison of Curves b and c 
in Fig. 1 (both curves for Subject MH) 
indicates that a change of 2 log units 
in the intensity of the sound had 
only a minor influence on the magni- 
tude of the facilitation. However, 
the curves shifted appropriately in 
relation to the difference between the 
mean light RT and the mean sound 
RT, i.e., as expected, the maxima 
always fell near this point. On the 
other hand, examination of Curves c 
and d in Fig. 1 (also for Subject MH) 
reveals that a diminution of 2 log 
units in the intensity of the light 
stimulus yielded less facilitation. An 
appropriate shift in the maximum 
effect is again evident. 

The SDs were quite small through- 
out indicating fairly consistent reac- 
tions to all stimuli Table 1). 
RTs to sound were generally more 
consistent than those to light. The 
SDs of the pair RTs were generally 
smaller than those of the RTs to the 
single stimuli at those asynchronies 
where facilitation was found. This 
trend fell short of significance how- 
ever, aft test for correlated means com- 
paring the pair SDs to the smaller of 
the two single stimulus SDs in the 
region of facilitation yielded a one- 
tailed P of .07. 


(see 


DISCUSSION 
The data clearly demonstrate inter- 
sensory facilitation for paired supra- 
threshold light and sound stimuli. It 





INTERSENSORY FACILITATION 


is further evident that this effect will 
be manifest only when one “gives the 
stimuli a chance,”’ i.e., introduces the 
proper amount of stimulus onset asyn- 
chrony Since the amount of asynchrony 
necessary for facilitation is determined 
by the difference between the means 
of the RTs to the stimuli when presented 
singly, the value will differ from S to S. 

That facilitation was not due to atti- 
tudinal factors is indicated by the fact 
that it was a function of stimulus asyn- 
chrony and that all four curves 
similar in shape. If the mere presence 
of one stimulus had an 


were 


“alerting’’ or 


“orienting”’ effect on the reaction to the 
other stimulus, one would have expected 


this effect to show up at all asynchronies 
that were measured. Although the data 
cover only a small range of asynchrony, 
it is obvious that this was not the case. 

The trend in the SDs may be further 
evidence that facilitation was not due to 
an alerting function of one of the two 
stimuli for, if this were so, it is hard 
how SD should be related to 
asynchrony. It should be kept in mind 
however, that this trend was not 
tistically significant and must await 
further study before it can be incor- 
porated into our conception of facili- 
tation. 

Another finding 


to see 


sta- 


that is difficult to 
understand is the different effect of 
intensity of the two stimuli. Why 
should a 2 log unit change in the lumi- 
nance of the light effect the magnitude 
of facilitation whereas a similar change 
in the sound showed no effect ? 
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There is some hint of inhibition in the 
data. The negative values (Fig. 1a) 
show that the RTs to the combination 
were slower than to either stimulus 
alone. Although this effect seems to 
be rather small, the values at 25 and 50 
msec. asynchrony are statistically sig- 
nificant and indicate that this region 
warrants further investigation. 


SUMMARY 


An experiment is reported in which RTs 
were measured to light and sound presented 
singly and in combination. 
perimental 
asynchrony. The results may be summarized 
as follows: (a) Intersensory facilitation was 
that, for asyn- 
chronies, RTs were faster to the combination 
than to either stimulus alone. (6b) Maximum 
facilitation occurred at or just beyond the 
point at which the asynchrony was equal to 
the difference in RT to the single stimuli. (c) 
Varying the intensity of the stimuli differen- 
tially affected the magnitude of facilitation. 
Reducing the light intensity resulted in less 
facilitation whereas 
intensity had no effect. 


The chief ex- 


variable was stimulus onset 


demonstrated in certain 


reducing the sound 
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VISUAL PERCEPTION OF THE HORIZONTAL DURING 
PROLONGED EXPOSURE TO RADIAL ACCELERA- 
TION ON A CENTRIFUGE! 


BRANT CLARK 


San Jose State College 


Correlates of the visual perception 
of the horizontal and vertical have 
been studied in considerable detail by 
numerous investigators for well over 
100 years (Clark, Graybiel, & Mac- 
Corquodale, 1948; Graybiel, 1952; 
Noble, 1949). One device which has 
been used in this field in recent years 
is the human centrifuge. In certain 
experiments S is seated on the cen- 
trifuge some distance from the center 
of rotation, in a fixed position with 
respect to the gravitational vertical, 
and facing the direction of rotation. 
If he is then subjected to a gradual 
increase in the velocity of rotation, 
he feels that he is being pressed into 
the seat and that the seat is being 
tilted away from the center of rota- 
tion. Furthermore, if S observes a 
luminous, horizontal line in the dark 
under these conditions, the line will 
appear to be displaced in the direction 
of the apparent tilt (Clark & Graybiel, 
1951; Noble, 1949; Witkin, 1944). 
The amount of this apparent displace- 
ment is related directly to the devia- 
tion of the resultant force from the 
gravitational vertical although orien- 
tation to the resultant force does not 
keep pace with the physical events. 
This particular reorientation of the 
visual horizontal is a special case of 
the oculogravic illusion and has been 

!From the United States Naval School of 
Aviation Medicine, United States Naval 
Aviation Medical Center, Pensacola, Florida. 
Opinions and conclusions contained in this 
paper are those of the authors and do not 


necessarily reflect the views or endorsement 
of the Navy Department. 
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United States Naval School of 
Aviation Medicine 


observed in flight as well as on a 
human centrifuge (Clark & Graybiel, 
1949; Clark et al., 1948). 

Although this phenomenon has 
been known since the time of Mach 
(Graybiel, 1952; Noble, 1949), only 
two studies have been made of the 
oculogravic illusion during prolonged 
exposure to centrifugal force (Clark 
& Graybiel, 1951; Graybiel & Brown, 
1951). In these experiments the 
longest period of constant rotation 
was 15 min., and systematic changes 
in the illusion related to time of 
exposure to change in resultant force 
were not found. Similar results were 
found for the postural vertical during 
flight in an aircraft by MacCorquodale 
(1948). In related experiments using 
a tilting chair, the results of experi- 
ments on exposure to tilt from the 
vertical are conflicting. On the one 
hand, Passey and Guedry (1949) 
found a negative aftereffect, while 
Pearson and Hauty (1960) reported 
that delay up to 60 sec. was not a 
factor in S’s judgment of the postural 
vertical. 

It was the purpose of this investiga- 
tion to study the visual perception 
of the horizontal on a centrifuge dur- 
ing periods of change in the magnitude 
and direction of resultant force acting 
on S for a period of 4 hr. 


METHOD 


Subjects—Four experienced Ss including 
the authors and two volunteers were tested. 
The latter were naval enlisted men assigned 
to the United States Naval School of Aviation 
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Medicine with primary duty to act as Ss in 
research projects. All 4 Ss were thoroughly 
familiar with the problem under study and 
had made many other observations during 
previous rotations 

A pparatus.—All of the data were collected 
in the Pensacola slow rotation room (Graybiel, 
Clark, & Zarriello, 1960). This room, which 
is windowless and nearly circular, is 15 ft. in 
diameter and 7 ft. high. It is constructed 
around the center post of a human centrifuge, 
provides space for laboratory equipment, 
and includes living accommodations. Thus, 
it was possible for Es to be with S, and there 
was no limitation on the duration of the 
experimental period. The Es sat in positions 
indicated in Fig. 1, but they could move 
about the room at will. The S was seated 
facing in the direction of rotation in a specially 
constructed seat mounted firmly so that the 
center of S’s head was 6.25 ft. from the center 
of rotation (Fig. 1). The rotation was always 
counterclockwise, with deviations from the 
desired velocity being less than 2.59%. The 
seat consisted of three 


basic parts: (a) a 
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Plan of the room. 


Fiberglas head holder for each S molded to 
fit the head closely, and a chin strap to hold 
it rigidly in position; (b) a bucket seat and 
cloth support which could be adjusted to 
support each S’s back, the seat being ad- 
justable vertically by a hand pump to press 
S's head firmly into the head holder; and 
(c) a collimated luminous line of light (Clark 
& Graybiel, 1951) mounted on the chair 
directly in front of S. This line of light could 
be rotated in either direction about its center 
by E or by S. A luminous dial indicated the 
position of the luminous line and could be 
read by E to .25°. The apparatus made it 
possible for S to indicate his judgment of the 
horizontal by setting a line of light to hori- 
zontal in the dark during rotation, while 
being held rigidly in position to maintain 
constant throughout the testing period the 
relation of the head to the resultant force 

Procedure.—Each series of observations 
began with the centrifuge stationary. The 
S set the luminous line to horizontal in the 
dark 10 times, 
counterclockwise 


and 
establish 


alternating clockwise 
adjustments to 
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his point of subjective horizontal (PSH) 
under static conditions. This served as the 
point of reference from which all subsequent 
measurements were made. The PSH was 
established by determining the mean of the 
deviations. The room lights were turned on 
between trials to make readings in one series 
of observations, and the room was completely 
dark throughout the experimental period in 
others. The room was accelerated slowly to 
establish 6° or 12° deviation of resultant 
force (#) from the gravitational vertical. 
The times were approximately 58 sec. for 
@ = 6°, and 69 sec. for @ = 12°. This force 
was the vector sum of the gravitational and 
centrifugal forces. Time for the run was 
counted from the time the room attained the 
required velocity (approximately 7 or 10 rpm) 
which was maintained for 4 hr. Beginning 
1 min. after the constant velocity was at- 
tained, at 10 min., and at every 10 min. 
thereafter during the 4-hr. period of constant 
rotation, S made a series of four settings of 
the line to horizontal, two clockwise and two 
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counterclockwise. The mean of these four 
settings was considered to be his new PSH. 
Measurements of the PSH were delayed for 
1 min. to permit the effects of stimulation 
of the semicircular canals to be reduced to a 
a negligible amount. At the end of 4 hr. 
the room was stopped slowly (in approxi- 
mately 38 sec. for @ = 6°, and 49 sec. for 
@ = 12°), and time was counted from this 
point. Four settings to the horizontal began 
at 1 min., and then were obtained at 10 min., 
20 min., and 30 min. Between trials, Ss 
smoked, listened to recordings, or talked to 
the 2 Es. Each S made one run with ¢=6 
and a second with @ = 12°, the lights being 
on between trials, and a third with @ = 12°, 
the room lights being off during the whole 
observation period. 

This procedure resulted in measurements 
of S’s perception of horizontal (the extent of 
the oculogravic illusion) in the absence of a 
visual framework under three conditions: 
(a) with the normal gravitational force, (+ 
during a prolonged period of constant increase 
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and (¢ 
gravitational conditions immediately 


force, normal 


follow- 


in centripetal with 
Comparisons could 
then be made between these three conditions 
and the PSH (determined statically) and the 
two procedures used to make the measure- 
the data, 
of the effects of adaptation was based on time 


ing cessation of rotation 


ments. In analyzing evaluation 
of stimulation by a constant centripetal force 

Each S’s point of subjective horizontal 
(PSH) calculating the 
mean of the 10 static settings of the luminous 
line to horizontal. This PSH served as the 
point from which all subsequent 


was computed by 


measure- 
ments in the series were made and is therefore 
the zero point of all of the graphs presented. 
As the rotation began, Ss perceived the line 
to be displaced clockwise (considered to be 
plus in direction) to a new position which 
would remain relatively 
observed the oculogravic illusion. In order to 
measure the extent of this deviation, S rotated 
the line counterclockwise (considered to be 
minus) to the apparent horizontal, and the 


constant; i.e., Ss 


mean deviation of the four settings from the 
static PSH was considered to be a measure 
of the oculogravic illusion for each point in 
time. Computations of median deviations 
also were made, but since there 

widely deviant these data 
very little from the mean deviations 


were few 
differed 
rhere- 
fore, plots of the mean values against time 
of the 4 Ss and the experimental conditions 
constitute the basic data for the experiment 


scores, 


RESULTS 


Adaptation.—The primary purpose 
of this experiment was to determine 
whether a prolonged change in the 
magnitude and direction of the re- 
sultant force 
on a 


human Ss 
cause any 
change in the oculogravic illusion or 
in S’s PSH. If adaptive processes 
were involved, it would be expected 


acting on 
centrifuge would 
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that the oculogravic illusion would 
tend to decrease systematically with 
time of stimulation. On the other 
hand, if the oculogravic illusion re- 
mained constant throughout a 4-hr. 
series of observations, it would be 
strong evidence that adaptation did 
not occur within these time limits. 
The data (Fig. 2-5) show clearly 
that there were no systematic changes 
in the PSH with time; i.e., there 
appear to be no adaptative effects 
for the oculogravic illusion. The 
group data for @ = 6° exhibit no 
systematic change with time whereas 
one set of observations at ¢@ = 12° 
shows a slight increase in the ocu- 
logravic illusion while the other shows 
a decrease. An examination of the 


data for individual Ss (Fig. 2-4) also 
supports the notion that adaptation 
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does not occur. A particular S may 
show a reduction in the illusion on one 
series of observations, but in another 
condition an increase or no systematic 
change may occur. An analysis of 
the data by computing the mean 
deviation for the six measures of the 
PSH for each of the four 1-hr. periods 
for each S was made, and the results 
further support the analysis of the 
graphic data. In toto, the data indi- 
cate clearly that adaptive processes 
did not occur in this particular per- 
ceptual situation within a 4-hr. period 
of constant stimulation. Furthermore 
there appear to be no aftereffects of 
this change in the resultant force 
since the observations for 30 min. 
following the period of constant rota- 
tion showed minimal deviations from 
the initial static PSH (Fig. 2-5). 
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The point of subjective horizontal (PSH) for 4 Ss during the 


three stimulus conditions. 


Relation of the oculogravic illusion to 
angle ¢.—These results confirm the 
findings of earlier studies (Clark & 
Graybiel, 1951; Graybiel & Brown, 
1951) which have shown that the 
oculogravic illusion is related to the 
angle ¢, the angle between the direc- 
tion of resultant force and the direc- 
tion of gravity. An analysis of the 
group curves (Fig. 5) shows that the 
illusion at @ = 12° is consistently 
greater than at @ = 6°. Similarly, 
the mean value for each of the 4 Ss 
is greater at @ = 12° (Table 1). The 
results also show that the illusion 
measured in degrees is substantially 
less than the angle ¢. The means of 
the 24 trials for each of the 4 Ss 
beginning at 10 min. of constant 
rotation are given in Table 1. It will 


be noted that all of these values 
are substantially less than @ with 
the exception of 1 S when @ = 12° 
(Fig. 4). Plots of the range of scores 
for each series of four settings were 
also made to get some indication of 


TABLE 1 


MEAN DEVIATION IN DEGREES OF THE 
SETTINGS FROM THE STATIC PSH 


Lights on between Continual 
‘rials Dark 


@ = 12° 


—5.38 
— 14.63 
—3.96 
—4.37 


Mean 
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the variability of Ss’ performance. 
The range of scores for each series 
of four settings of the luminous line 
varied from 0.25° to 9.0° with most 
of the values falling close to 2.0° 
(Fig. 2-4). 

Antecedent visual framework and the 
oculogravic illusion.—In the original 
design of the experiment, measure- 
ments were planned with the room 
lights on only between settings of 
the luminous line to horizontal. How- 
ever, comparisons of these data with 
preliminary observations on the same 
Ss made in continuous darkness in- 
dicated gross discrepancies between 
the two methods of observation. 
Therefore, it was decided to repeat 
the runs with ¢ = 12° with Ss making 
all observations on the same time 
schedule in continual darkness. This 
completely eliminated the regular 
reference to the visual horizontal 
which was available to Ss just before 
each setting in the other series. The 


visual framework consisted of a grey 


wall with a horizontal aluminum bar 
around the room at about eye-level. 
The floor, ceiling, and vertical studs 
also were visible, but the visual field 
was partly obscured by the collimat- 
ing device which was directly in front 
of S. 

Analysis of the oculogravic illusion 
for the two sets of conditions for 
@ = 12° demonstrates that the ocu- 
logravic illusion was _ consistently 
greater when the room was continu- 
ously dark (Fig. 3-5). There is no 
overlapping in the two curves for the 
group data nor is there overlapping 
for Ss G, P, and R. The fourth S 
showed overlapping of two conditions 
(Fig. 3 and 4), but the mean value 
for the final 24 measures of the PSH 
is greater during darkness. These 
data show quite clearly that a prior 
visual framework before a setting has 
a marked influence on the oculogravic 
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illusion. This variable is being studied 
in another investigation. 


DISCUSSION 


The evidence from this study shows 
that within the 4-hr. experimental period 
of constant centripetal force, adaptation 
with respect to Ss’ estimate of the visual 
horizontal did not occur. Furthermore, 
there were no significant, systematic 
aftereffects of this experimental pro- 
cedure. These results are consistent with 
earlier findings (Clark & Graybiel, 1951; 
Graybiel & Brown, 1951) which were 
made with S isolated in a seat at the end 
of the centrifuge superstructure and 
exposed to higher levels of centripetal 
force. These results also are related to 
studies of the perception of the postural 
vertical using short intervals of bodily 
tilt. An early study by Passey and 
Guedry (1949) found increased error in 
settings to the postural vertical following 
prolonged delay in returning to the 
vertical. A more recent study by Pear- 
son and Hauty (1960) has suggested that 
judgments of the postural vertical are 
due less to sensory adaptation than to a 
number of other factors. The data of the 
present study show that the visual 
perception of the horizontal under the 
influence of centripetal force is influenced 
by preceding visual stimulation; i.e., the 
oculogravic illusion increases with a 
reduction in prior visual framework. 
This indicates that if this estimation 
of the visual horizontal is regarded as a 
special case of the oculogravic illusion, 
the illusion is also a function of a number 
of complex factors other than the input 
from the otolith organs. 

Differences among Ss’ points of sub- 
jective horizontal for the three experi- 
mental conditions were conspicuous and 
consistent. The Ss could be ranked 
readily not only in terms of the magni- 
tude of the oculogravic illusion but also 
in terms of the individual variability 
and influence of prior visual stimulation. 
This individual consistency suggests 
that the 4 Ss used different frames of 
reference in making the judgment. The 
frame of reference whether dependent on 
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visualization of the horizontal, on otolith 
cues, or on proprioceptive stimulation 
appears to be fairly consistent for each 
S, although individual Ss showed what 
seem to be temporary changes in their 
frames of reference by occasionally 
making a consistent, temporary shift 
in the degree of the illusion in a succession 
of settings. The data from this study 


do not present evidence with regard to 
the specific character of the variables 
which produce these individual differ- 
ences, but the evidence appears clear 
that the oculogravic illusion is a result 
of a fairly complex perceptual process. 


SUMMARY 


Although there have been many studies 
on perception of the horizontal and vertical, 
no data are available on the effects of pro- 
longed exposure to centripetal acceleration. 
In the present study of visual perception of 
the horizontal, 4 Ss seated on a specially 
constructed seat in the Pensacola slow rota- 
tion room were studied during periods of 
constant rotation lasting for 4 hr. They were 
subjected to a constant change in magnitude 
and direction of centripetal force so that they 
perceived the oculogravic illusion. 

The results show no significant, systematic 
changes in the oculogravic illusion during 
the period of constant rotation or during a 
30-min. period following rotation. It was 
concluded that adaptation does not occur 
under these experimental conditions and that 
the oculogravic illusion is dependent upon a 
number of perceptual processes. 
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The experiment reported in this 
paper deals with the effect of contex- 
tual cues as the discriminability of 
the primary stimuli is varied. Weiss 
and Margolius (1954) write, “It has 
been assumed by Guthrie, Hull, and 
McGeoch that responses can become 
associated not only with primary 
stimuli but also with context stimuli’’ 
(p. 318). In their experiment it was 
found that learning required fewer 
trials if there were differently colored 
backgrounds for the paired associates 
rather than uniform gray _back- 
grounds. They also found that the 
recall, for groups learning under the 
colored backgrounds condition, was 
better when the color alone was 
shown than when the words were 
shown on uniform gray backgrounds. 
The context cues were more useful 
than the primary stimuli. The pres- 
ent experiment was designed to 
further clarify the role of context 
stimuli. 

It was hypothesized that where the 
primary stimuli were highly discrimin- 
able, the addition of discriminable 
contexts would not facilitate the 
learning task. A corollary to this 
was that when the primary stimuli 
were less discriminable the addition 
to discriminable contexts would facili- 
tate the learning task. The latter 
is merely a restatement of one of the 
results of Weiss and Margolius. It 
was also hypothesized that where the 
primary stimuli were highly discrimin- 
able, the recall to the associated 
discriminable contexts will be less 
than when the primary stimuli are 
poorly discriminable. 


METHOD 
Experiment I 


Subjects—The 114 Ss were female stu- 
dents, aged 18 to 20 yr., from an elementary 
psychology course, who chose to participate 
in this experiment to meet a requirement of 
the course. They were tested in 10 groups 
ranging in number from 8 to 16 Ss. 

Apparatus.—A Patterson memory drum 
was fitted under an opaque projector. The 
image of the drum was projected onto a screen 
in a semidark room. The Ss were provided 
with booklets in which to write their re- 
sponses. It consisted of lines on which the 
response could be written. There was a 
separate page for each trial. The lists were 
printed on white window-shade material in 
black India ink. The colors were painted 
on using ‘‘Permanent Pigments” water colors 
with a liquid detergent in the water, 
otherwise the paint did not spread on the 
window-shade material. One set of primary 
stimuli were six-letter words selected from 
the first 1,000 most frequent words as listed 

n Thorndike (1944). The other set of pri- 
mary stimuli were two-syllable, hyphenated, 
nonsense syllables, each chosen from the 
Glaze (1928) list of 7% association value. 
The responses were three-letter words se- 
lected from the first 100 most frequent words 
as listed in Thorndike (1944). 

An attempt was made to avoid logical 
connections between the stimulus and the 
response and between the colored context 
and the response. The nine paired associates 
and the three rest interval pairs (TURN-NOW, 
NOW-REST, START-NOW) were printed on a 
circular tape with five replications, the order 
of the paired associates being randomized. 
Table 1 presents the responses, the stimuli, 
and the colored contexts. 

Procedure.—The Ss were told that they 
were to attempt to anticipate the appropriate 
response by writing it in their booklets and 
that a new page would be used for each trial. 
After Trials 5, 10, and 15 the stimuli only were 
shown. These are called the test trials. 
Following each test trial a 30-sec. rest interval 
was introduced, during this time E circulated 


since 
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through the room and looked at the booklets 
to check whether Ss had understood the 
instructions. An S was discarded if he re- 
sponded to the rest interval pairs, or if S had 
written down all of the responses from the 
second learning trial on since it is unlikely 
that S could have learned the list in one trial 
and this would indicate he had misunderstood 
the instructions. The stimulus was shown 
alone for 2 sec. and the S-R pair was then 
shown for 2 sec. Two groups were tested 
under each of five learning conditions: color 
only (C); words only (W); nonsense syllables 
only (NS); words on colored backgrounds 
(C+W); one nonsense syllables on colored 
backgrounds (C+NS). After the regular test 
following Trial 15, the C+W and C + NS 
groups had two additional test trials. One 


TABLE 1 


STIMULUS AND RESPONSE MATERIALS 


Stimulus Items 


Response 
Nonsense 
Syllables 
ZIH-MIF GREEN 
FUH-YIG UMBER 
ZUB-YEK ROSE 
QAS-ZEG GREEN 
DAQ-GUK VIOLET 
BOF-NUX YELLOW 
CEJ-KEB RED 
MIB-VUF ORANGE 
GEC-ZOS BLUE 


Words Colors 


SPIRIT 
FLOWER 
SUDDEN 
MANNER 
DINNER 
BRANCH 
DEGREE 
MINUTE 
LENGTH 


ARM 
ACT 
cow 
BAG 
OAK 
WAY 
CUP 
DOG 
OIL 


group under each of these two learning con- 
ditions was tested first with the C list and 
then with the W (NS) list. The other group 
was tested in the reverse order.' 


Experiment II 


This experiment was undertaken to obtain 
additional data which might facilitate an 
understanding of the factors which were 
operating to produce the results obtained 
in the first experiment. It was conducted in 
precisely the same manner and with the same 
materials and type of Ss as in Exp. I, but 
included only two major groups of 28 Ss each, 
color plus words, and color plus nonsense 


1 We are grateful to Gloria Barts for her 
help in preparing the experimental materials 
and in collecting the experimental data. The 
research was supported in part by NSF Grant 
G6203 to the junior author. 


TABLE 2 


MEAN CorRRECT RESPONSES ON TEST 
TrRIALs 5, 10, AND 15: Exp. I 


Test Trial 


Cond. N { 10 15 


Mean! SD | Mean| SD | Mean SD 


3.50 


materials. In the retention test half the Ss 
were tested to the color first and half to the 
symbol first. Following the last retention 
condition they were asked to describe the 
nature of the stimulus they had employed 
during the learning. Four possible choices 
were given to Ss: symbols only; 
symbols and colors together; symbols some- 
times and colors sometimes. The Ss who 
chose any stimulus using colors were requested 
to write down the names of the colors they 
used. 


colors only; 


RESULTS 

Experiment I 

Tables 2 and 3 summarize the 
results of this experiment. The index 
of learning used was the number of 
correct responses on the test trials. 
The degree of recall was indicated 
by the number recalled correctly 
divided by the number of correct 
responses on the last regular anticipa- 
tion trial, this ratio being expressed 
as a percentage. 


TABLE 3 


RECALL TO ELEMENT: 
Exp. I 


PERCENTAGE 


Symbol Color 
Recall Order } a 


SD | Mean| SD 
C+W-W-C 
C+W-C—W 
C+NS—NS—C 
C+NS—C-—NS 
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TABLE 4 
ANALYSES OF VARIANCE OF RECALL SCORES 
on Test TRIALS 5, 10, AND 15: 
Exe. I 
Source 


Trial 5 | Trial 10 | Trial 15 
F F F 


Between Ss 
Context (C) 
Stimuli (S) 
cus 
Error 
Total 


*P <.05. 


That Ss were able to learn the list 
under Cond. C proves that the colored 
backgrounds were discriminable and 
sufficient for the learning task. Ten 
of 30 Ss in Cond. C had all correct 
on the last test trial. 

Since the groups varied in number, 
Ss were discarded randomly until the 
cells of a Context X Stimuli design 
contained proportionate numbers. 
Table 4 shows the results of separate 
analyses of the three learning test 
trials. At no trial did the addition 
of colored contexts effect the learning 
performance. For Trials 5 and 10 
Groups W and C + W attained higher 
scores than Groups NS and C + NS. 
At Trial 15 there was a significant 
interaction between the context and 
stimulus variables. However, this 
was in the unpredicted direction, 
Group C + W behaving as if the 
colored contexts added to their per- 
formance. 

TABLE 5 


PERCENTAGE RECALL TO AN ELEMENT: 
Exp. Il 
Symbol Color 
Recall Order 


C+W-Ww--C 


C+W--C-—W 
C+NS—NS—C 
C+NS—C-NS 


The second hypothesis implied that 
the use of the context cues alone 
would be more disturbing to the word 
group than to the nonsense group. 
The data was analyzed by means of 
a 2X22 analysis of variance. 
The columns and rows of the design 
corresponded, respectively, to the 
learning stimulus conditions (C + W 
vs. C + NS) and the test conditions 
(context alone vs. stimulus alone). 
The third dimension of the design 
represented the order of testing. Of 
the three main effects, only the test 
conditions (color or symbol) affected 


TABLE 6 
PERCENTAGE RECALL TO AN ELEMENT 
ACCORDING TO THE STIMULUS 
Usep: Exp. Il 


Symbol Color 


Mean SD Mean SD 


C+W 
W only 90.6 
Sometimes 2 | 100 


29.7 
.00 


>+ NS 
NS only 
NS and C 
both 
Sometimes 
C only 


100.4 


the degree of retention, Ss show- 
ing more retention to the symbol 
(F = 115.01, df = 1/88, P < .O1). 
Of the four interactions, only S x T 
was significant (F=34.25, df=1/88, 
P < 01). As hypothesized, Group 
C + NS was able to give more correct 
responses when presented with the 
colored contexts alone than Group 
C+ W. The recall percentage for 
the word groups to the context cue 
alone was only 10.89% as opposed to 
47.8% for the nonsense groups 
(P < .001). To the symbol alone, 
however, the word groups excelled 
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the nonsense groups, with 97.8% and 
72.8°(, respectively (P = .001). 


Experiment II 


The results for the recall conditions 
are presented in Table 5. An analy- 
ses of variance gave essentially the 
same results as were obtained in Exp. 
I in that: (a) Ss showed a higher 
degree of retention to the symbols 
than to the colors (F = 111.86, 
df = 1/104, P< .01); (b) Group 
C + NS showed a higher degree of 
retention to colors than did C + W; 
(c) Group C + W showed a higher 
degree of retention to the symbols 
than did C+ NS (for Stimulus 
< Test Element interaction, = 13.18, 
df = 1/104, P < .01). 

To probe more deeply into the 
factors which resulted in these reten- 
tion differences, the groups were 
divided on the basis of Ss’ stated 
stimulus preferences during learning. 
The data are shown in Table 6. It 
would seem that for Group C + W 
the vast majority of the Ss reacted 
to the symbols. However, in Group 
C + NS the situation was quite dif- 
ferent and the majority of the Ss 
either supplemented the symbols with 
the colors or they used the colors 
alone. 

For the 18 Ss of Group C + NS 
who used color in some way, a rank 
order correlation was run between 
the number of colors named and the 
percentage recall to color. The mag- 
nitude of the rho was .84 (P < .001). 


DISCUSSION 


The results seem to indicate that the 
effect of context relatively 
complex one. There is no evidence in 
the data that the context cue facilitates 
learning, regardless as to whether the 
symbolic cue is a meaningful word or a 
nonsense syllable. 


cues is a 


This is true despite 
the fact that the context cue alone was as 
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adequate a stimulus for learning as the 
nonsense syllables—that is, 
syllable alone, color alone, and nonsense 
syllable plus color are essentially the 
same. The results for words with and 
without color follow a similar pattern. 
When, however, the symbolic cue is 
removed for those who have learned with 
both present, the word group does ex- 
tremely poorly; the nonsense group does 
not deteriorate to so marked an extent. 
Removing the context cue, however, has 
little, if any, effect upon:the word group 
although it seems to depress the nonsense 
group slightly. 

The results for the word group do not 
seem to be difficult to understand. The 
context cue seems to be essentially 
irrelevant to their behavior; it does not 
facilitate their learning, and it is essen- 
tially useless to them in the absence of 
the word. Apparently the highly dis- 
criminable verbal symbol dominates the 
stimulus situation during learning and 
suppresses the potential effectiveness 
of the context cue. It is as if these Ss 
failed to respond to the context cue as a 
potentially helpful stimulus during the 
learning. The verbal reports obtained 
in Exp. II do indeed indicate that the 
vast majority of these Ss reported using 
only the verbal symbols as stimuli. 

When the symbolic stimulus is a non- 


nonsense 


sense syllable, however, the context cue 
acquires sufficient habit strength so that 
it alone can serve as a fairly effective 
stimulus in the retention-transfer situa- 
tion. It might be expected that the 
presence of this additional and poten- 
tially effective dimension of differences 
among the stimuli would have facilitated 
performance during the learning of 
Group NS + C, but there is no evidence 
that such is the case. The verbal reports 
suggest an explanation of this result. 
Only 6 Ss stated that they used both 
dimensions of the others 
reporting that they used one or the other 


the stimulus, 


alone, or sometimes one and sometimes 
the other. In short, most of them be- 
have as if only a single dimension were 
available at each S-R pair. The learning 
data offer some slight but nonsignificant 
evidence that the readiness to use both 
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or either dimension may have had a 
facilitating effect, for when the color or 
nonsense syllable alone Ss were combined 
and contrasted with the both or some- 
times Ss, the mean for the dual Ss on 
Trial 15 was 8.07 as compared with 7.57 
for the single Ss. Such a result, if real, 
could from differences in ability 
levels of Ss who are alert enough to 
attempt to make use of both dimensions 
as contrasted with those who chose only 
one, as well as to a difference in the 
efficiency of the two methods. A differ- 
ent type of experimental design from 
that employed in the present experiment 
will be required to answer this question 
well to discover the conditions 
which are more favorable to the utiliza- 
tion of both dimensions of the stimulus. 

Weiss and Margolius (1954) had found 
that context cues alone were more effec- 
tive response guides than were the 
symbolic cues when they were slightly 
modified. In the present experiment 
the context cues proved to be almost 
completely ineffective as sole cues in 
the situation where they had been com- 
bined with words, but fairly effective 
when employed with nonsense syllables. 
In both their experiment and in the 
present one the context cues alone could 
be used as stimuli for the learning. 

The present experiment does not in 
any essential way contradict the Weiss 
and Margolius (1954) study, but rather 
can be combined with it to extend our 
knowledge concerning the operation of 
context cues. Briefly, the experiments 
suggest that effectiveness of context cues 
will be a function of an interaction be- 
tween the discriminability of the major 
cues among and the dis- 
criminability of the context cues among 
themselves. This experiment has only 
shown that context cues will have greater 
or lesser cue value as a function of the 


arise 


as as 


themselves 
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nature of the symbolic stimulus, but it is 
plausible to assume that the same rela- 
tionship would hold if context discrimin- 
ability were varied and symbolic cues 
held constant. 


SUMMARY 


An experiment was conducted investi- 
gating the learning of paired associates, 
with and without differently colored back- 
grounds, and with “high frequency” words 
and low association value nonsense syllables 
as stimuli. The various lists were learned 
by 114 Ss in groups, using a memory drum 
attached to an opaque projector. 

It was found that the addition of differ- 
ently colored backgrounds did not increase 
the ease of learning either where the stimuli 
were high frequency words or where they 
were low association value nonsense syllables. 
The associations between the colored back- 
grounds and the responses were better re- 
ported when the nonsense syllables were the 
original primary stimuli than when the words 
were. The experiment suggests that effec- 
tiveness of a context cue will be a function 
of an interaction between the discriminability 
among the individual primary cues and the 
discriminability among the context cues. 

A subsequent experiment was conducted 
in which Ss were asked to describe the stimuli 
they used in learning the list. Their verbal 
reports suggested that the results could be 
attributed, at least in part, to a tendency to 
select only one of the two available cues 
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STIMULUS IN SERIAL LEARNING! 
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The items of a serial task are pre- 
sented in a constant order; because 
of this the effective stimulus for a 
specific response may possibly be one 
of several alternatives: It may be: 
(a) the item immediately preceding 
the response to be learned; (b) a 


combination of several items pre- 


ceding the response to be learned; 
(c) the position which the item holds 
in the list; (d) some combination of 
these; or (e) something else entirely. 


The present paper reports a series 
of three experiments designed to 
help identify the effective stimulus 
in serial verbal learning. The first 
alternative (a), called the specificity 
hypothesis (Young, 1961), is tested 
in Exp. I by measuring transfer from 
a serial list to a subsequent paired- 
associate (PA) list composed of pairs 
taken from adjacent in the 
serial list. If associations are formed 
between adjacent items in_ serial 
learning, positive transfer should ob- 
tain from the serial to the PA list 
and the PA transfer pairs should be 
learned faster than control pairs which 
have not been previously learned in 
serial order. 


items 


The second alternative (b), called 
the compound-stimulus 
is tested in Exp. II by measuring 
transfer from a serial list to a PA list 
composed of items taken from the 
serial list. Positive transfer from the 
serial to the PA task would be taken 


hypothesis, 


‘The research reported in the present 
paper was supported in part by the National 
Science Foundation (G-4850) and in part by a 
grant from the Graduate School of the 
University of Texas 


learned by 


as evidence favorable to a compound- 
stimulus interpretation of the effec- 
tive stimulus in serial learning. 

The third alternative (c), called 
the serial-position hypothesis, is tested 
in Exp. III by observing transfer 
from one serial list to a second com- 
posed of the same items as the first. 
The serial 
sumes that items holding the same 
serial position in both lists (S items) 
would show positive transfer from 
the first to the second list while items 
holding different positions in both 
lists (D items) would show negative 
transfer from the first to the second 
list. The reason for this is that S 
items constitute an A-B, A-B para- 
digm of positive transfer in which 
the stimulus (A) would be the con- 
stant serial position, and the response 
(B) would be the same item from list 
to list. The D items would constitute 
an A-B, A-Br paradigm of negative 
transfer (Porter & Duncan, 1953) in 
which the response to be learned to 


position hypothesis as- 


a constant position stimulus would 
be rearranged from the first list to 
the second. 


GENERAL METHOD 


In the three all Ss were 
selected from introductory psychology classes 
at the University of All lists 
constructed dissimilar adjectives 
from Melton (Hilgard, 1951), and all were 
the anticipation method rhe 
lists were displayed by a filmstrip projector 
The PA lists were learned 
2:2-sec. rate with a 4-sec. intertrial interval 
while the serial lists were learned at a standard 
rate with a intertrial interval 
When serial and PA lists were learned in an 
experiment, a 5-min. interval was employed 


experiments 
Texas were 


taken 


ol 


at a standard 


2-sec. 6-sec. 
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Fic. 1. Trials to successive criteria curves 
for the experimental and control sublists 
during PA learning in Exp. I. 


between lists to allow time to change film 
strips and to read PA instructions; and when 
two serial lists were learned, a 1-min. interval 
between lists was needed to change film 
strips. All lists (with the exception of Exp. 
la) were learned to one errorless recitation 
and all PA lists had four orders of presenta- 
tion to reduce the possibility of serial learning. 


EXPERIMENT I 


Method.—Each S learned a serial list and 
then a PA list. One-half the items in the PA 
list were experimental pairs obtained from 
adjacent items in the previously learned 
serial list, and the other half of the PA items 
were control pairs. The ordering of the 
experimental pairs in the PA list was exactly 
the same as in the serial list. That is, for 
these pairs the same stimulus elicited the 
same response in both serial and PA learning. 


To reduce the possibility of dif- 
ferences due to intrinsic differences in 
difficulty in the pairs themselves, the 
items which served as experimental 
pairs for half the Ss served as control 
pairs for the other half. Subgroups 
of 18 Ss learned one of two serial lists 
and then the common PA list con- 
taining items from both serial lists 
(Total N = 36). Two 14-item serial 
lists (plus a cue symbol) were con- 
structed and one 14-pair PA list was 
derived from the two lists. 

Results—The PA list may be 
thought of as being composed of two 
seven-pair sublists. The mean trials 
to learn the experimental and control 


sublists to errorless recitation 
were 10.06 and 9.06, respectively 
(F = .97, df= 1/34). The mean 
correct responses per S during learn- 
ing for the experimental and control 
sublists were 62.58 and 63.22, respec- 
tively (F = .17, df = 1/34). 

As in a previous experiment meas- 
uring transfer from a serial to a PA 
list (Young, 1959), positive transfer 
occurred early in learning and then 
disappeared later in learning. The 
mean number of trials to attain suc- 
cessive criteria are plotted in Fig. 1. 
The Fs obtained between the experi- 
mental and control sublists for cri- 
teria of one, two, three, and four cor- 
rect responses (df = 1/34 in each 
case) were 4.86 (P = .05),5.25 (P =.05), 
10.50 (P = .01), and 7.61 (P = .01), 
respectively. Beyond a criterion of 
four correct responses, the two sub- 
lists do not differ with respect to mean 
trials to successive criteria. 

The the experi- 
mental pairs were differentially rein- 
forced during serial learning. For 
example, Item 2 in the serial list 
correct .84 times per trial; in 
contrast, Item 10 was given .39 times 


one 


associations of 


was 
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Fic. 2. Mean percentage correct in PA 
learning for the experimental and control 
sublists in Exp. I with the responses being 
ordered along the baseline as they were in the 
serial lists. 
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per trial. This difference reflects, 
of course, the bowed serial-position 
curve commonly found in serial learn- 
ing. Since adjacent pairs were taken 
from the serial list and used in the PA 
learning, serial position effects should 
transfer to the PA learning if associa- 
tions are formed between adjacent 
items. Where the pairs in the two 
PA sublists were arranged according 
to position in their respective serial 
lists, the mean percentage frequencies 
with which these experimental and 
control pairs were correct during PA 
learning are shown in Fig. 2. Of the 
seven made, one sig- 
nificant difference was obtained. As 
can be seen in Fig. 


comparisons 


2, the last pair 
in the experimental sublist was given 
correctly more often than its control 
(F 28.13, df = 1/34, P < .0O1). 

The PA error data were analyzed 
in two ways. The stimuli in the PA 
list can be classified either as experi- 
mental or as control, and the data 
were analyzed according to this classi- 
fication. The 
per trial elicited by experi- 
mental and control stimuli were .52 
and .39, respectively. This differ- 
ence is significant (F=5.87, df=1/34, 
P < .05). Secondly, the mean num- 
bers of incorrect experimental items 


mean numbers of 


errors 


per trial elicited by an experimental 
stimulus and the numbers of 
control items per trial elicited by a 
control stimulus were .44 any 
respectively (F 7.05, df 1/34, 
P < .05). It is noteworthy that the 
remainder of the errors per trial, .08 


mean 


and 


and .07, is small and constant across 
conditions. 


EXPERIMENT la 


The associations formed during serial 
learning may not have been of sufficient 
strength to transfer to the subsequent PA 
task. Experiment la was 


control for this possibility. 


conducted to 
he design of 
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this experiment is exactly the same as Exp. I 
with one exception: the serial learning cri- 
terion was increased to one errorless recitation 
plus an additional 10 trials. A total of 22 Ss 
were employed with 11 per subgroup. 

The mean numbers of correct responses 
per S given to the even items during serial 
learning, arranged in serial position, may be 
summarized as follows: 36.36, 27.09, 25.36, 
19.59, 22.55, 24.68, and 31.77. These even 
items were the response members of the seven 
experimental pairs in the subsequent PA 
learning. If it can be assumed that number 
of correct responses is a measure of associative 
strength, then the present experiment permits 
the formation of associations between suces- 
sive items in the serial list. 

The mean trials to learn the experimental 
and control PA sublists to one errorless reci- 
tation were 8.86 and 8.14, respectively 
(F = .85, df = 1/20). The mean correct 
responses per S during learning for the 
experimental and control sublists were 49.59 
and 51.91, respectively (F = .84, df = 1/20). 
As in Exp. I, transfer of serial position effects, 
transfer during 
errors were 


learning, and overt 


analyzed. In 


early 
these 
analyses was a significant difference obtained. 


none of 


EXPERIMENT I] 


Method.—The only difference between Exp 
Il and Exp. I was in the construction of the 
PA list. Two 15-item serial lists (plus a cue 
symbol) were constructed and a 10-item PA 
list was constructed from the two serial lists. 
Each stimulus in the PA list was composed 
of two items. These items were arranged one 
over the other and were in the same sequence 
from top to bottom) as they the 
serial list. Forty-six Ss served in the experi- 
ment with 23 learning each serial list before 
learning the PA list. 


were in 


Results.—As in Exp. I, the PA list 


may be thought of as being composed 
of two five-pair sublists. 
numbers of trials required to reach 
one errorless recitation of the experi- 
mental and control sublists were 12.04 


The mean 


and 9.63, respectively (F 
df = 1/44, P < .01). As can be seen 
from the data on trials to successive 


8.35, 


criteria presented in Fig. 3, negative 
transfer obtained from 
the PA list. 


The mean 


the serial to 


numbers of correct re- 
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Fic. 3. Trials to successive criteria curves 
for the experimental and control sublists 
during PA learning in Exp. II. 


sponses per S given during learning of 
the experimental and control sub- 
lists were 41.13 and 46.91, respectively 
(F=7.27, df=1/44, P<.01). Both 
response measures are in agreement 
that prior serial learning retards 
subsequent PA learning. 

As in Exp. I, the pairs in the two 
PA sublists were arranged according 
to position in their respective serial 
lists and the mean percentage fre- 
quencies correct for the experimental 
and control pairs are presented in 
Fig. 4. Only one of the five compari- 
sons was significant. The second 
experimental pair was more difficult 
than was the comparable control pair 
(F = 20.49, df = 1/44, P < .001). 


The results of the error analysis in 
Exp. II are comparable to the error 


data obtained in Exp. |.  Experi- 
mental stimuli elicit more overt errors 
than do control stimuli (/ = 19.70, 
df = 1/44, P < .001) with mean er- 
rors per trial being .61 and .34 for the 
experimental and_ control 
respectively. In addition, more ex- 
perimental items are elicited incor- 
rectly by experimental stimuli (.56 
per trial) than is the case for control 
stimuli eliciting control items (.29 
per trial) (F = 23.91, P < .001). 
Again it should be noted that the 


sublists, 


remainder of the errors per trial, .05 
and .05, is small and constant across 
conditions. 


EXPERIMENT III 


Method.—Experiment III differs from 
Exp. I and II in that transfer from one serial 
list to a second was studied and, in addition, 
a control group was employed. Four 13-item 
serial lists were constructed (with the first 
item serving as a cue symbol) for use in the 
experiment. Lists A and B were experimental 
lists and List C was a control list. Each S 
learned one of these lists and then all Ss 
learned the test list. Comparing List A with 
the test list, the even items in List A held 
the same serial position as they did in the 
test list while the odd items were randomly 
rearranged from List A to the test list. In 
List B the odd items held the same serial 
position as they did in the test list while the 
even items were randomly rearranged. In 
this manner test-list differences between 
those items with the same serial positions 
(S items) and those items with different 
serial positions (D items) are attributable 
to transfer effects rather than to differential 
difficulty due either to specific items or to 
serial position. The Control List C had no 
items in common with the test list, and test- 
list learning in the two experimental condi- 
tions may be compared to that in the control 


condition to evaluate transfer effects. Sixty- 
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Fic. 4. Mean percentage correct in PA 
learning for the experimental and control 
sublists in Exp. II with the responsess being 
ordered along the baseline as they were in 
the serial lists. 
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Fic. 5. ‘Trials to successive criteria curves 

for the S- and D-item sublists during test-list 
learning in Exp. III. 


three Ss served in the experiment, 21 Ss ir 
each condition 


Results.—The mean numbers of 
trials to learn the test list in Condi- 
tions A, B, and C were 12.43, 13.86, 
and 9.71, respectively (/ = 6.50, 
df=2/60, P<.01). Orthogonal com- 
parisons (Senders, 1958) between the 
three conditions indicate that the 
experimental conditions did not differ 
(F = 1.50) while the test list in the 
control condition was learned faster 


than in the experimental conditions 
(F=11.51, df=1/60, P<.01). 
tive transfer obtained from the experi- 
mental to the test lists and these data 


Nega- 


are comparable to transfer data 
obtained by Irion (1946). 

The test list may be thought of ‘as 
being composed of two six-item sub- 
lists—the S items and the D items. 
Trials to reach a criterion of one error- 
less recitation for each of these sub- 
lists in the experimental conditions 
were analyzed. The mean trials to 
learn the S-item sublist was 10.17, 
while the mean for the D-item sub- 
list was 12.14 (F = 14.97, df = 1/40, 
P < .001). The mean numbers of 
trials to attain successive criteria are 
plotted in Fig. 5. 

The mean numbers of correct 
responses per S during test-list learn- 
ing for the S- and D-item sublists 
were 46.86 and 39.90, respectively 


(F = 35.24, df = 1/40, P < .001). 
Both response measures are in agree- 
ment that the S-item sublist was 
easier to learn than the D-item 
sublist. 

The S and D items were arranged 
according to their respective serial 
positions in the test list and, as can 
be seen from Fig. 6, differences ob- 
tained as a function of serial position. 
Only the first and last items did not 
differ between the S-item and D-item 
sublists. The Fs for Serial Positions 
2, 3,4, and 5 (df = 1/40 in each case) 
were 6.82 (P = .05), 6.54 (P 
10.59 (P .01), and 6.79 (P 
respectively. Thus the items in the 
middle of the list were learned faster 
when the serial position was retained 
than when it was changed while such 
differences were not observed for the 
items at the ends of the list. 


.05), 
.05), 


DISCUSSION 


Experiment I tested the 
that 


successive 


hypothesis 
between 
list. 
specificity 


associations are formed 
items within a 
This hypothesis, called the 


hypothesis, was tested by constructing 


serial 


pairs taken from successive items in a 
serial list and measuring transfer from 
the serial list to a PA list composed of 
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Fic. 6. Mean percentage correct in test- 
list learning for the S- and D-item sublists 
with the items being ordered along the base- 
line as they were in the test list 
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the serial pairs. The analyses of the 
data indicated that, aside from positive 
transfer early in learning, the experi- 
mental pairs were learned no faster than 
the control pairs. 

It may be argued that the absence of 
an overall difference between the two 
sublists was due to interference resulting 
from the change of tasks. However, 
when the arrangement of the items be- 
tween serial and PA task is such as to 
expect negative transfer, zero transfer 
also occurs (Young, 1961). 

On the other hand, the serial-position 
hypothesis assumes that the position 
the item holds in the list is the effective 
stimulus rather than the item immedi- 
ately preceding the response to be learned. 
If such were the case, no transfer would 
be expected from the serial to the PA 
list because the stimulus in the PA 
learning would be different from the 
effective stimulus in serial learning. 
Thus, according to the serial-position 
hypothesis, the transfer paradigm em- 
ployed in Exp. I would be an A-B, C-B 
paradigm of zero transfer. In this case 
the A stimulus would correspond to the 


serial position of the item in the serial 


list, the C stimulus would correspond 
to the nominal stimulus in the PA list, 
and the B response would be the response 
to be learned in both lists. Thus, while 
the specificity hypothesis predicts posi- 
tive transfer from the serial to the PA 
list, the serial-position hypothesis predicts 
zero transfer. 
Positive transfer occurred early in 
learning in Exp. I. This could be taken 
as evidence favoring a specificity notion, 
or it could be accounted for in terms of 
gross differentiation. Such an interpre- 
tation would state that following serial 
learning S differentiate 
between those items which were learned 
previously and those which were not. 
When presented with a prefamiliarized 
item, S would restrict his responses to 
some other prefamiliarized item. Some 
of these guesses would be correct (sig- 
nificantly more than the control early 
in learning) and some would be incorrect 
more than the control 


was able to 


(significantly 
errors). 
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The hypothesis that the two items 
preceding the response to be learned is 
the effective stimulus in serial learning 
tested in Exp. II. Contrary to 
expectations from the compound-stim- 
ulus hypothesis, negative transfer oc- 
curred. While these data could be 
explained in terms of interference be- 
tween the stimulus items (specificity 
interpretation) or in terms of interference 
arising from the similarity of the PA 
stimulus items to the initial serial posi- 
tions (serial-position interpretation), the 
results of Exp. II do not permit serious 
consideration of the compound-stimulus 
hypothesis as a useful explanation of the 
stimulus in serial learning at this time. 

The hypothesis tested in Exp. III 
was that the position the item holds in 
the serial list is the effective stimulus 
in serial learning. This hypothesis was 
tested by observing transfer from one 
serial list to another. 
were employed in both lists and were 
arranged so that S items retained the 
same serial position in both lists while D 
items randomly rearranged from 
the first to the second list. If the serial 
position effective stimulus, 
positive transfer would be expected for 
the S items and negative transfer would 
be expected for the Ditems. The results 
of the experiment show that the S items 
were easier to learn than the D items 
and that the test list in the experimental 
conditions learned 
the control. The specificity hypothesis 
would make the prediction that no dif- 
ferences would obtain between the S and 
D items in the test list. According to 
this position, each item was associated 
to a response in the first list; but in no 
case 


was 


The same items 


were 


were the 


was slower than in 


the same two items learned 
both Thus, the 
transfer paradigm for all items becomes 
an A-B, A-Br 


transfer. 


were 
successively in lists. 


paradigm of negative 

The addition of a mediation construct 
would permit interpretation of the re- 
sults of Exp. III in terms of the speci- 
ficity hypothesis. The only requirement 
would be the assumption that during 
test-list learning an S item acts as a 


stimulus and elicits the next (missing) 
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item, which in turn correctly elicits 
the next (S) item. Such a mediation 
assumption would enable the specificity 
hypothesis to predict that the S items 
would be learned faster than the D items. 

The data of the present experiments 
provide no final answer to the question 
of the effective stimulus in serial learning. 
They are, for example, difficult to inte- 
grate into the 
remote associations (e.g., 
1936) may best be 
in terms of the specificity 


extensive literature on 
McGeoch, 
which interpreted 
hypothesis. 
However, the serial position curves of 
Exp. I and III (Fig. 2 and 6) may be 
used to formulate a tentative hypothesis 
which employs both the specificity and 
the serial-position hypotheses. Evidence 
from Exp. I and (Young, 
1961) indicates that learning in accord- 
with the 
the extremes of 
but not in the middle. In addition, 
data from Exp. III indicate that position 
learning has an important cue function 
in the middle of the list but not at the 
extremes. It then 
ficity learning occurs at the 
and that position learning occurs in the 
middle of the list. Some difficulties are 
immediately apparent with this formu- 
lation: the middle of the list is the point 
of greatest ‘position confusion’’ (Schulz, 
1955), should 


be less likely to occur; and when degree 


elsewhere 


ance specificity hypothesis 


occurs at the serial list 


may be that speci- 


extremes 


i.e., position learning 


of serial learning is increased as in Exp. 


la, evidence for specificity learning is 


not apparent 


SUMMARY 


Three hypotheses regarding the effective 
stimulus in tested. If 
items of a 


should 


serial learning were 


associations are formed between 
then these 


serial list, associations 
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transfer to a subsequent PA list composed of 
the serial items with the S-R arrangement of 
the PA list being consistent with the ordering 
of the items in the serial learning. 
transfer was observed only early in learning 


Positive 


If the effective stimulus in serial learning is 
the two preceding items in the list, then when 
sets of two items are used as stimuli, positive 
transfer should be observed in a subsequent 
PA task. In 
occurred. Finally, if the position of the item 
in a serial list is the effective stimulus, positive 
transfer should obtain serial list 
to another when the item retains the same 
serial position; and negative transfer should 
obtain when the serial position is changed. 
It was found that items retaining the same 


this case, negative transfer 


from one 


serial position were learned faster than items 
which had their serial positions changed from 
one list to another 
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VERBAL CONCEPT ATTAINMENT: A FUNCTION OF 
THE NUMBER OF POSITIVE AND NEGATIVE 
INSTANCES PRESENTED 
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Kendler and his associates have 
suggested in a number of studies 
(Kendler & D’Amato, 1955; Kendler 
& Mayzner, 1956; Kendler & Vine- 
berg, 1954) that the problem of con- 
cept attainment may be analyzed in 
terms of an implicit mediational 
mechanism. Most recently Kendler 
and Karasik (1958) have applied this 
approach to verbal concept attain- 
ment, and in the present study, we 
shall be concerned with developing 
this approach further. 

In verbal concept attainment S 
typically is confronted with an array 
of instances or words. Usually, some 


subset of the total array is made up of 


those instances that E has designated 
as positive concept instances (i.e., 
words that belong to the concept), 
while the remaining subset is made 
up of those instances that E has 
designated as negative concept in- 
stances (i.e., words that do not belong 
to the concept). The S’s task is to 
identify or separate the positive from 
the negative instances, and to respond 
to the positive instances with the 
correct concept name. 

According to a mediational hy- 
pothesis, S learns or attains the cor- 
rect concept name in the following 
way. Each instance or word, whether 
positive or negative, evokes an im- 
plicit response. When more than one 
instance evokes the same _ implicit 
response, the probability of S group- 
ing these different instances together 
increases, resulting in S explicitly 
responding to these different instances 
or words with the same concept name. 


lf the instances selected and the 
associated concept corresponds to 
that subset of the total array that EF 
designated as positive concept in- 
stances, then S is said to have at- 
tained the concept. 

The employment of such a media- 
tional model suggests a number of 
hypotheses concerning verbal concept 
behavior. First, it suggests that the 
ease or speed with which a given 
concept is attained is a function of the 
response strength of particular in- 
stances to evoke particular implicit 
responses. This hypothesis has been 
tested by Underwood and Richardson 
(1956b), who showed that the higher 
the dominance level (i.e., response 
strength), the more rapidly the con- 
cept was attained. Secondly, since 
implicit responses are evoked by all 
the instances, whether positive or 
negative, the type of implicit re- 
sponses evoked by the negative in- 
stances (i.e., whether they are all 
different, all the same, have high or 
low response strength, etc.) may be as 
critically important as the implicit 
responses evoked by the positive 
instances. In fact, Kendler and 
Karasik (1958) have shown that 
different sets of negative instances, 
varying in the type of implicit re- 
sponses they evoke, significantly af- 
fect the attainment of concepts based 
on a given set of positive instances. 
Thirdly, it might be expected that the 
actual number of positive and nega- 
tive instances occurring in the total 
array should have a significant effect 
on concept attainment; that is, as the 
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TABLE 1 


Concepts, ASSOCIATED POSITIVE INSTANCES, AND ALL NEGATIVE INSTANCI 


USED IN THE 


STUDY 


Test Problems 


Concepts and Positive Instances 


Round Small White A Hard 


BRACELET POLLEN 
MOON THIM- 


HOSPITAL ARMOR 
FROST 4 | AS 


BLE PHALT 
HELMET 


DIME 
DERBY 
PLATTER 


CABIN 
SNAIL 
WAIST 


BREAD 
PEARI 
COLLAR 


BRICK 
SKULI 


Negative Instances 


ALUMINUM CINNAMON GINGER 
APE CLOVI GYM 
BUTTER COFFEE HOG 
CAMEL CUSTARD HONEY 
CHEES!I FLANNEL MOCCASIN 
CHOCOLATI FOREST MOSS 


Practice Problems 


mecepts and Associated Positive and Negative Instances 


Red w// Negative Instances 


CHERRY AMMONIA 

TOMATO BRED 

BEET DANDELION 

BLOOD ELEPHAN 

BLUSH Ivy 
VINEGAR 


number of positive instances, at a 
given level of response strength, is 


increased, there should occur a cor- 


responding increase in the probability 
of more than one of them evoking the 
same implicit response, which should 
produce more rapid concept attain- 


ment. Conversely, as the number of 
negative instances is increased, when 
each negative instance is designed to 
evoke a different implicit response, 
there is a corresponding increase in 
the total number of different implicit 
responses evoked, which might be 
expected to interfere somewhat with 
the evocation of a single implicit 
response to the positive instances, 
thus producing less rapid concept 
attainment. It is to this issue, that 
is the effect of the number of positive 
and negative instances 
that the present study is directed. 


occurring, 


METHOD 
Subjects The Ss were 144 students from 
introductory psychology classes at New York 


Sharp Negative Instances 


FISHHOOK 7 CITY 
DAGGER 7 CORN 
HATCHET ARLI 
SCISSORS GRASS 
KNIFI NIGHT 
VELVE 


University, 12 in each of 12 different experi- 
mental conditions 

Stimulus material.—The stimulus material 
used in the study was selected from a word- 
list prepared by Underwood and Richardson 
(1956a) which gives the response strength 
word 
since 


(i.e., percentage frequency) of each 
to evoke a sense-impression response 
each S was required to attain four concepts, 
namely, Round (R), Small (S), White (W), 
and Hard (H), four lists of five positive in- 
stances were selected from Underwood's list, 
and are presented in Table 1, along with the 
percentage frequency value with which each 
instance evokes its associated concept. 

As can be seen in Table 1, the range of re- 
sponse strengths associated with each concept 
was kept as low and as nearly equal, as was 
difficult 
and approximately equivalent set of problems, 
which might be expected to clearly 
reveal the effects of the variables under inves- 
tigation. Also included in Table 1 are the 24 
negative instances employed in the study. 
These negative instances were selected from 
Underwood's list on the basis of two criteria: 
(a) none response strength to 
evoke any of the four problem concepts, at 
least as indicated by Underwood's norms; 
(b) the response strength to evoke other con- 


possible, to provide a moderately 


most 


possess any 


cepts was kept as low as possible, in order to 
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examine at a base level the effect of increased 
numbers of negative instances. 

Procedure.—The present study is concerned 
with examining the effects of the number of 
positive and negative instances occurring, on 
the speed of concept attainment. To examine 
these effects, a 4 X 3 factorial analysis of 
variance design was selected. Thus, either 
two, three, four, or five positive instances were 
combined with either two, four, or six nega- 
tive instances to yield 12 different experi- 
mental conditions, with 12 Ss per condition. 
In order to minimize the possibility that the 
results might be a function of a specific con- 
cept problem, each S received four test prob- 
lems involving the Concepts R, S, W, and H. 
Four different orders of presentation were 
employed, namely, RWSH, SRHW, WHRS, 
and HSWR, ie., within each condition 3 Ss 
received the order RWSH, another 3 Ss 
received the order SRHW, etc. 

The form in which each problem was pre- 
sented was as follows. All instances, both 
positive and negative, were typed in lower- 
case letters on white 3 <5 in. cards. Each 
problem array was placed on a table before S. 
At the start of each problem, S was told to 
look at the cards and E started a stopwatch 
The problem array may best be understood 


from the instructions given to S, as follows: 


When I tell you to start the problem, you 
will notice before you two rows of cards 
with words typed on them. The top row, 
you will notice has four cards or words, 
while the bottom row has seven cards or 
words. There isa single word in the bottom 
row, which may be grouped with the four 
words in the top row, on the basis of a com- 
mon sensory quality all five words share 
together. Your task is to point out which 
word in the bottom row may be grouped 
with the four words in the top row, and to 
indicate the basis of the grouping, i.e., tell 
me the common sensory quality on which 
you have based your selection. 


These instructions apply to that experi- 
mental condition involving five positive in- 
negative instances, with 
analogous instructions tailored to fit the 
other 11 conditions, with respect to the num- 
ber of positive and negative instances occur- 
ring. 
appeared in the bottom row of words, with 
either two, four, or six 
and either one, two, three, or four positive 
instances always appeared in the top row of 


stances and_ six 


Thus, one positive instance always 


negative instances, 


words. 
The Ss were assigned at random to the 12 
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experimental conditions. Each S received 
two practice problems and four test problems 
and the time to solution was taken as the 
dependent variable for study. In the two 
practice problems, the number of positive and 
negative instances was the same as the number 
of positive and negative instances presented 
in the four test problems. The practice 
problems, shown in Table 1, were made 
easier than the test problems to insure that 
S fully understood the nature of the problems 
and what was required of him to achieve a 
correct solution. The S was instructed that 
a correct solution involved both (a) choosing 
the correct instance in the bottom row of 
words, and (6) applying the correct concept 
name. Either one alone was not considered 
a correct solution and 
continue working on the problem when this 
occurred. If no correct solution was obtained 
within 2 min., 
tion, and the next problem was presented 


S was instructed to 


S was given the correct solu- 


Although care was taken to insure that all 
pe sitive instances belongir gtoa given con ept 
were essentially equivalent (i.e., had approxi- 
mately equal percentage frequency values 
additional design precautions were taken in 
the construction of each of the four problems 
presented to S, as follows. In all conditions 
involving the use of five positive instances 
(four in the top row and one in the bottom 
row) each of the five positive instances oc- 
curred at least twice and two of the five 
occurred three times, in the bottom row, to 
insure that no one particular positive in- 
stance appeared relatively more or less fre- 
quently than any other positive instance, 
among the negative instances. Similar pre- 
were taken with the 
involving four, three, and two positive in- 
stances and, in addition, the selection of the 


cautions conditions 


remaining positive instances for the top row 
(either three, two, or one) was designed to 
The 
combinations or arrays of positive instances 
that were so constructed, were employed with- 
out change in the conditions involving two, 
four, or six negative instances. Further, the 
placement of the positive instance among 


insure relatively equal frequency of use. 


the negative instances was designed to insure 
that the occurred with 
approximately equal frequency in each of the 
available positions in the row. 


positive instance 


Precautions also were taken in the selec- 
tion of the negative instances. In the condi- 


tions involving 6 negative instances, since 


each S received 4 problems, the entire pool 


of 24 
folle Ws. 


negative instances 


The 24 


utilized, as 
were 


was 


negative instances 
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TABLE 2 


MepIAN SOLUTION TIMES (SEC 


AND NUMBER OF SOLUTIONS FOR EACH PROBLEM- 
POSITION AND Eacu CONCEPT SUMMED ACROSS THI 


12 EXPERIMENTAI 


CONDITIONS 


Round 
Median 
No. solving 


Small 
Medi in 
No soly Ing 


Median 
No. solvis 4 


Hard 
Median 
No. solving 


Median 
No. solving 


typed on cards and shuffled, 6 cards were 
then drawn at random, then from the remain- 
ing pack of 18 cards, 6 
at random, and the remaining pack of 12 


separated nto 2 


more were drawn 


cards was then randomly 
pa ks of 6 cards each The 4 separate pac ks 
were then randomly assigned to serve as the 
6 negative instances, for each of the 4 prob- 
lems presented to a given S. This procedure 
was repeated 12 times, to provide a different 
random order of negative instances for each 
of the 12 Ss in a given experimental condition 
The same 12 random orders were employed, 
however, in the conditions involving 2, 3, 4, 
Analogous 


domization procedures were applied to the 
) 


and 5 positive instances ran- 


conditions with and 4 negative instances, 


but with only 2 or 4 cards being drawn at each 
drawing, in order to construct the separate 
problems. When the separate drawings, of 
either 2 or 4 cards, exhausted the total pool 
of 24 cards, the 24 cards were again shuffled 


and the drawing procedure was repeated 


RESULTS 


The dependent variable selected for 


study was “time to solution” and 


Problem-Position 


120.0 


since each S received four problems, 
it was intended to take the median 
of these four time scores for each S, 
as the measure for analysis of the 
main effects in the design. However, 
the problems were not of equal dif- 
ficulty as shown by the results pre- 
sented in Table 2, which gives the 
median solution times and the number 
of solutions attained within the 120- 
sec. time limit, for each problem- 
position and each concept summed 
across the 12 experimental conditions. 
These results indicate that the con ept 
Small is a far more difficult problem 
than the other three concepts, which 
are approximately of equal difficulty. 
This is supported by a 
chi square analysis (x?= 34.52: df=3: 
P < .001) the obtained 
number of solutions for all four con- 
cepts (R-102, S-38, W-90, and H-103) 
with the expected equal number. 
Further, there is no significant dif- 


conclusion 


contrasting 
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ference between Concepts R, W, and 
H (x? = 1.07;df = 3;P > .70). The 
effect of problem-position is clearest 
in the Totals column and the cor- 
related ¢ for the difference between 
Problem-Positions 1 and 4 was 2.15 
(df = 143; P < .05), suggesting a 
significant practice effect for this type 
of problem. 

Since the concept Small produced 
such a deviant distribution of time 
scores, the median of the three time 
scores on Concepts R, W, and H was 
selected as the criterion measure for 
use in the analysis of variance. Thus, 
there was made available for each 
S a single median time score, and 
means, SDs, and ranges of these 
median scores, for the 12 experimental 
conditions of the study, are presented 
in Table 3. The results in Table 3 
indicate that, in general, concept 
attainment solution times increase 
with increased numbers of negative 
instances, but decrease with increased 
numbers of positive instances, as most 
clearly seen in the row and column 
means. An analysis of variance 
vielded F values of 6.33, 1.40, and .39, 
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for the main effects associated with 
the number of positive instances, the 
number of negative instances, and 
the interaction term, respectively, 
with only the F associated with the 
number of positive instances reaching 
statistical significance (df = 3/132; 
P < .001). Bartlett’s test yielded a 
chi square of 8.60 (df = 11; P > .50), 
indicating the analysis did not violate 
the assumption of homogeneity of 
variance. 


DISCUSSION 


It was predicted, on the basis of an 
S-R mediational model, that increasing 
the number of positive instances should 
produce more rapid concept attainment, 
since each additional positive instance 
presented to S should increase the proba- 
bility of more than one such positive 
instance evoking the same implicit re- 
sponse, and matching what E has desig- 
nated as the correct concept. It also was 
predicted, that increasing the number 
of negative instances, when each negative 
instance is designed to evoke a different 
implicit response, should produce less 
rapid concept attainment, since the 
presence of many different implicit re- 


TABLE 3 


Concert ATTAINMENT SOLUTION TIMES (SEC.) FOR DIFFERENT NUMBERS OF 


Positivt 


AND NEGATIVI 


INSTANCES 


Number of Positive Instances 


Number of Negative - 
nstances 
? 


68.92 


2 Mean 
SD 51.59 
Range 10-120 


57.00 


4 Mean 77.08 
SD 42.30 
Range 5-120 


6 Mean 90.00 
SD 32.08 
Range 30-120 


Column Mean 78.66 


Note.—Based on medians for individual Ss 


Row 
Mean 


48.61 
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sponses might be expected to interfere 
with the evocation of a single implicit 


response to the positive instances. The 
results indicate that while the effects 
of both positive and negative instances 
are in the predicted direction, only the 
effect associated with the positive in- 
statistical significance. 

The failure of the negative instances to 
produce a significant effect might indicate 
that the negative instances do, in fact, 
have attainment. 
However, since three of the four columns 
in Table 3 (i.e., two, four, and five posi- 


stances reaches 


no effect on concept 


tive instances) show systematic increases 
in solution times as the number of nega- 
tive instances are increased from two to 
six, it seems more reasonable to conclude 
that the negative instances produce the 
effect predicted, but that the effect is 
a weak one and the present design was 
not sufficiently sensitive to measure it. 

One might ask under what conditions 
would an increase in negative instances 
be expected to produce a strong effect. 
In a mediational model, three principal 
factors determine the speed with which 
attained. They are: (a) 
the number of positive instances pre- 
sented and the response strength asso- 
ciated with positive instance to 
evoke the appropriate implicit response ; 
(b) the number of negative instances 
presented and the strength 
associated with each negative instance 
to evoke inappropriate or irrelevant im- 
plicit responses; and (c) any interaction 
which occurs between the implicit re- 
evoked by all the 
both positive and negative (i.e., Kendler 


a concept is 


each 


response 


sponses instances, 
and Karasik’s (1958) “‘response differen- 
tiation’). By varying 
then the parameters of this model, one 


systematically 


could determine the particular values or 
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conditions necessary for the negative 
instances to produce a strong effect. 


SUMMARY 


The present study examined the effects 
of the number of positive and negative in- 
stances on verbal concept attainment. 
values of positive instances (two, three, four, 
and five) were combined with three values 
of negative instances four, 
in a 4 X 3 factorial design with 12 Ss per 
condition. The results, predicted on the 
basis of an S-R mediational model, showed 
that increased numbers of positive instances 
produced significantly more rapid concept 
attainment, while increased numbers of nega- 
tive instances produced, though not signifi- 
cantly so, less rapid concept attainment 


Four 


(two, and six 
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SUPPLEMENTARY REPORT: MONETARY INCENTIVE AND MOTIVATION 


IN DISCRIMINATION 


BETSY WORTH ESTES, LOUISE 


LEARNING 


SEX DIFFERENCES 


BRIGHTWELL MILLER,' anpD MARY ELLEN CURTIN 


University of Kentucky 


Miller and Estes (1961) found that amount 
of monetary reward, even in a 50 to 1 ratio, 
failed to improve error scores in the acquisi- 
tion of a visual discrimination by 9-yr-old 
A detrimental reward effect was sug 
gested, in that rewarded groups made sig- 
nificantly more errors than a knowledge-only 
(KOR) group. n Achievement (n Ach) was 
shown to be a significant variable, high 
making fewer errors. This study 
provides similar comparisons for adult Ss. 

Method.—The Ss were 48 female and 72 
male students in introductory psychology 
classes. A 3 X 2 X 2 factorial design was 
used: (a) three incentive levels (knowledge 
of results [KOR], 1¢, and 25¢); (6) twon Ach 
levels (high and low); and (c) two sex levels. 
Design, apparatus, and procedure were the 
same as in the previous experiment, except 
that the high reward group received 25¢ per 
correct choice instead of 50¢, and the stimulus 
presentation interval was shortened to 1 sec. 
in order to increase the difficulty of the task 
for adults. Groups were matched on the 
basis of n Ach scores, father’s occupation, and 
amount of financial support from parents. 

Results.—The significant variables were 
sex (females made fewer errors) and the sex- 
incentive interaction, Table 1. Sex differ- 
ences and interaction are shown in Fig. 1. 
The detrimental effect of the 1¢ reward for 
females is confirmed by ¢ tests; there was no 
significant incentive effect among males. 

Female superiority might reasonably be 
attributed to cultural differences between 
sexes in past experience and training since 
the task involved attention to minute facial 


boys. 


scorers 


1 Now at the University of Louisville. 


TABLE 1 


ANALYSIS OF VARIANCE OF ERRORS 


Source r US 


Sex (S) 
n Ach (N) 


Incentive 


1,433.69 

444.68 

I) 2 334.30 
55.20 
1,025.17 
211.60 
444.32 
270.69 


SxXIXN 
Within cells 
Total 


°P < 025 
7 P < .05 


ERRORS 





r 


l¢ 


INCENTIVE 


LEVELS 


Fic. 1. Male and female performance according 


to incentive levels. 


detail. Although a detrimental effect with 
low reward was also found in the previous 
study, the parallel between the 9-yr-old 
boys and adult females ends here. With 
50¢ reward, performance of the young boys 
was similar to that of the 1¢ group and hence 
was poorer than with KOR; performance of 
the adult females with higher reward (25¢ 
was better than that of the 1¢ group and 
similar to KOR. 

Age differences are shown not only by lack 
of incentive effect for adult males, but also 
by the n Ach factor, significant for young 
boys but not for male or female adults. One 
tenable explanation is that n Ach in adults 
was not measured by the method used. An- 
other explanation involves the problem of 
reproduction of instructions when repeating 
with adults studies done with children. At- 
kinson (1954, p. 75) reports that high n Ach 
Ss perform better ‘“‘only when the instructions 
defined performance as instrumental to 
producing feelings of accomplishment." Al- 
though instructions were experimentally 
achievement-oriented, it seems unlikely that 
the task of learning to tell drawings of twins 
apart could offer as much satisfaction in 
accomplishment for college students as for 
elementary school children, 
instructions. 


regardless of 
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